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Finding of No Significant Impact:

Arnold Air Force Base, Tennessee
Test Operations at Arnold Engineering Development Center

Arnold Air Force Base (Arnold AFB) prepared an Environmental Assessment (EA) (June 2008)
that evaluated the potential environmental impacts associated with continued testing operations at
Arnold Engineering Development Center (AEDC).

Description of the Proposed Action

The Proposed Action is to expand and enhance capabilities at AEDC to meet current and future
needs of Air Force Materie]l Command’s (AFMC) military and commercial clients and other
government agencies. Implementation of the Proposed Action is necessary for AEDC to continue
to support national air and spacecraft technical superiority.

The goals of the Proposed Action are to increase test operations to fully utilize facility
capabilities, while remaining within the permit conditions. In all cases, the limiting condition is
associated with the current Title V Air Permit (May 2002). The proposed action includes, but is
not limited to:

e Increase the Propulsion Wind Tunnel (PWT) plant operations by a factor of 3 based on the
atmospheric air driers Title V air permit limits.

e [Increase the von Karman Facility (VKF) plant drier activation heaters to an operational level
of 1,920 hours/year.

o Increase the HEAT test assets operation by a factor of 25 with a maximum of 27 hours per
year and NOx emissions of less than 20.4 tons/year.

¢ Limit the Engine Test Facility (ETF) plant test assets to 3,600 hours/year that represents a
49.6% increase from historical values.

The entire operational increases associated with the Proposed Action are described in the attached
EA.

No-Action Alternative

The No-Action Alternative would be to continue test operations at the current level with no
facility improvement. The No-Action Alternative would not be consistent with the military
mission of Arnold AFB.

Environmental Consequences

Under the Proposed Action, test assets at AEDC would operate up to the maximum allowed by
the permit conditions for hours of operation or emission discharges. Air emissions would
increase but would remain within permit limits and would have no effect on the surrounding
environment, as long as AEDC remains in an “attainment” region. Water quality would be
unchanged as the vast majority of the discharged water is non-contact cooling water.




Conclusion

The EA was prepared pursuant to 32 Code of Federal Regulations (CFR) 989 and U.S. Council
on Environmental Quality (CEQ) regulations (Title 40, U.S. Code, Parts 1500-1508) for
implementing the procedural requirements of the National Environmental Policy Act (NEPA).
The finding of this EA is that the Proposed Action would have no significant impact on the
human or natural environment. Therefore, a Finding of No Significant Impact (FONSI) is issued
for the Proposed Action and no Environmental Impact Statement (EIS) is required.

Restrictions

No restrictions are necessary for the Proposed Action.

C : APR 21 2009

ARTHUR F, HUBER II, Colonel, USAF Date:
Commander
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1.0 PURPOSE AND NEED FOR ACTION

This environmental assessment (EA) evaluates the potential for environmental impacts associated with
continued testing operations at the Arnold Air Force Base (AFB), Arnold Engineering Development Cen-
ter (AEDC) located in Tullahoma, Tennessee. The Proposed Action is to expand and enhance capabilities
at AEDC to meet current and future needs of Air Force Materiel Command’s (AFMC) military and com-
mercial clients and other government agencies. Implementation of the Proposed Action is necessary for
AEDC to continue to support national air and spacecraft technical superiority and to meet the requirements
of Public Law (PL) 81-415, Titles I and 1I: The Unitary Wind Tunnel Plan Act of 1949 and The Air Engi-
neering Development Center Act of 1949.

The National Environmental Policy Act of 1969 (NEPA) [Title 42, United States Code (USC), Section
4321 (42 USC 4321) et seq.] requires that federal agencies consider and document the potential environ-
mental effects associated with major federal actions conducted within the United States. Consistent with
the Air Force’s Environmental Impact Analysis Process (EIAP) [Title 32, Code of Federal Regulations
(CFR) Part 989 (32 CFR 989)] and the Council on Environmental Quality (CEQ) regulations (40 CFR
1500 — 1508), the scope of this EA is defined by the range of potential environmental impacts that could
result from implementation of the Proposed Action and alternatives. The objective of this EA is to provide
decision-makers with sufficient information to determine whether to proceed with the Proposed Action,
and whether the associated environmental impacts support a Finding of No Significant Impact (FONSI) or
require an Environmental Impact Statement (EIS) prior to implementation of the Proposed Action or an
alternative.

The purpose of this EA is to comprehensively address environmental and cumulative impacts from opera-
tions falling within the overall scope of the AEDC mission to facilitate continued compliance with the
NEPA and its implementing regulations. Subsequent actions at AEDC associated with test operations will
be evaluated for environmental impact significance using this EA to serve as the foundation for analysis.
Additional EAs may be required for future projects to comply with NEPA requirements and to support
effective decision-making.

This document is prepared in accordance with NEPA as implemented by the CEQ regulations (40 CFR
1500-1508) and Air Force implementing regulations (32 CFR 989). The level of analysis is based on the
CEQ list of “indicators of significance”, including context and intensity considerations (40 CFR 1508.27).

1.1 Background

AEDC occupies approximately 3,700 acres centrally located within the 40,000 acre Arnold AFB, which
lies within Coffee and Franklin Counties (Figure 1-1). The base is located in middle Tennessee in a rela-
tively flat area known as “The Barrens,” approximately 70 miles southeast of Nashville near Man-
chester, Tullahoma, and Winchester, Tennessee. The largest community near the installation is
Tullahoma, Tennessee, with over 17,900 residents. Arnold AFB is the largest employer in the
two-county area with direct employment of approximately 2,790 people and an annual payroll of
over $186 million. Approximately 90 percent of the AEDC work force is comprised of private
businesses and contract civilians. The remaining 10 percent of the workforce consists of govern-
ment, military and civilian personnel who manage the Operating Contract, support contracts, and
oversee Center operations and maintenance. AEDC is also responsible for creating almost 2,000
secondary jobs in the surrounding area and has an annual estimated total economic impact on the
local community of approximately $536 million (AEDC 2005a).
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1.1.1 AEDC Mission

The official AEDC mission statement is “To provide our customers with the world’s most effective and
affordable aerospace ground test and evaluation, and simulation products and services. To ensure AEDC
ground test facilities, technologies, and knowledge fully support todays and tomorrow’s customers.”
AEDC is currently the nation’s largest and most advanced aerospace, ground test evaluation, and simula-
tion facility, providing the world’s most effective aerospace ground test products and services. AEDC
forms a significant component of the Department of Defense (DoD) Major Range and Test Facility Base
(AEDC 2005a).

AEDC was sited and constructed in response to the passage of PL 81-415, Titles I an II: The Unitary Wind
Tunnel Plan Act of 1949 and The Air Engineering Development Center Act of 1949. This law directed
development of an advanced aerodynamic research center, supporting the national need for a technologi-
cally superior military. AEDC and its activities fall under the AFMC. The mission of the AFMC is to
deliver war-winning expeditionary capabilities to the warfighter through development and transition of
technology, professional acquisition management, exacting test and evaluation, and world-class sustain-
ment of all Air Force weapon systems.

AEDC’s primary mission is to conduct tests and simulations for aerodynamics, aeropropulsion, and space
and missile systems. The Center conducts development, certification, and simulated flight testing in sup-
port of DoD, commercial and international propulsion, aerodynamic, reentry, trans-atmospheric, and
space-flight systems. Test conditions simulate operational conditions through a wide range of temperature,
pressure, and air speed conditions. Additionally, research is performed to develop new test capabilities,
facilities, and technologies for future simulated flight testing. AEDC’s testing capabilities provide the ben-
efits of reduced time, risk, and costs associated with system development and provide extensive diagnostic
capacity for problem solving.

AEDC’s services are used for research, system development, and operational programs for the U.S. Air
Force (USAF), the broader DoD, other government agencies, and commercial enterprises engaged in com-
mercial and military aerospace systems development. Customers include the USAF, the Army and Navy,
the National Aeronautics Space Administration (NASA), the Federal Aviation Administration (FAA), pri-
vate industry, allied foreign governments, and U.S. Government and educational institutions (AEDC
2005a).

1.1.2 Operations

AEDC operates aerodynamic and propulsion wind tunnels, rocket and turbine engine test cells, space envi-
ronmental chambers, arc heaters, ballistic ranges, and other specialized units. Facilities can simulate flight
conditions from sea level to altitudes of more than 100,000 feet above mean sea level (amsl), and from sub-
sonic velocities to well over Mach 20. AEDC has contributed to the development of virtually all of the
nation’s top priority aerospace programs including those listed below:

* Atlas, Titan, Minuteman, and Peacekeeper intercontinental ballistic missiles (ICBMs).

¢ Polaris, Poseidon and Trident submarine launched ballistic missiles, Tomahawk, Air-Launched
Cruise Missile; and the Advanced Medium-Range Air-to-Air Missile.

* NASA Projects Mercury, Gemini, Apollo and the Space Shuttle.
* Navstar Global Positioning System (GPS), MAPS, and GOES-M weather satellites.
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* The F-35 Joint Strike Fighter, F/A-22 Raptor, A-10 Thunderbolt II, F-14 Tomcat, F-15 Eagle, F-
16 Fighting Falcon, F/A-18 Hornet and F/A-18 Super Hornet, F-105 Thunderchief, F-111
Aardvark, F-117A Nighthawk, C-5 Galaxy, C-17 Globemaster 11I, C-141Starlifter, B-1B
Lancer, B-2 Spirit, B-52 Stratofortress, B-58 Hustler, X-15, X-29, X-32 and X-33, X- 35, and
XB-70 Valykire aircraft.

Test operations at AEDC are comprised of three primary mission components, flight systems, aeropropul-
sion systems, and space and missile systems. Three plant assets: the Propulsion Wind Tunnel (PWT), the
Engine Test Facility (ETF), and the von Karman Gas Dynamics Facility (VKF) provide process and high
pressure air for test operations. Test operations at these facilities are supported by a variety of services
including engineering, facility maintenance, test documentation, and analytical laboratory services. Figure
1-2 shows the relationships between individual testing units and facility complexes. Table 1-1 provides the
current status of each test unit.

The PWT plant provides support for acrodynamic wind tunnel testing utilizing two 16-ft wind tunnels and
one 4-ft tunnel. The 16-ft wind tunnels are used primarily for testing the aerodynamic performance of full-
scale engine installations, large aircraft models, large- and full-scale missiles, and store-separation testing.
The 4-ft transonic tunnel is used primarily for store-separation testing, but can be used for sting-mounted
force and pressure tests of acrodynamic models or dynamic stability testing.

The test assets located within the ETF plant support aircraft, space and missile, and spacecraft propulsion
system research and development through simulated flight tests over a wide range of Mach numbers and
altitudes. The facilities provide data at precisely controlled conditions required to determine operational
characteristics of aecronautical and astronautical propulsion systems. Testing accomplished within the ETF
plant includes the evaluation of air-breathing engine performance, engine/inlet dynamics, engine operabil-
ity transients, engine aeromechanical behavior, engine mission simulations, engine/aircraft inlet and com-
ponents/missile mission simulation, ice accretion, engine durability or altitude accelerated mission testing,
altitude performance, rocket nozzle vectoring and development, stage separation, rocket heat transfer,
rocket exhaust plume radiation and gas dynamics, space radiation, high-altitude rocket plume characteris-
tics, rocket vehicle systems operability, air-augmented rocket performance, rocket (solid propellant) per-
formance while spinning, and extreme temperature evaluations of space motor nozzles.

The VKF plant provides high pressure air for support of test operations in a number of wind tunnels,
ranges, arcjets, and space and missile chambers. The aerodynamic test units and associated equipment
allow testing of relatively large-scale models of high-speed aircraft, missiles, and spacecraft in a Mach
number range from 1.5 to 10. Included in the test units are conventional, continuous-flow tunnels; intermit-
tent blowdown tunnels; continuous-flow arc-heated facilities; and free-flight ranges for both impact and
aerodynamic tests of gun-launched models. The space and missile chambers provide for spacecraft testing
at all system levels and include sensor calibration and mission simulation, thermal vacuum, radiation
effects, and contamination testing. Simulated space conditions include space vacuum and cryogenic tem-
perature, space thermal radiation environment, threat simulations, and vehicle vibration.

Test operation support services include information support software and hardware, and computer-assisted
design instrumentation; laboratory services encompassing chemical, metallurgical, and nondestructive x-
ray sample analysis in support of testing programs and environmental projects; state-of-the-art machining,
welding, sheet metal, and precision measuring capabilities used in the fabrication, refinement, and modifi-
cation of test models, calibration and thrust measurement devices, and test facilities; photographic, graphic
technical documentation, and publication support; security; fire and medical; health and safety; and envi-
ronmental management.
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Table 1-1 Test Facilities and Operational Status

Space Propulsion Test Cells

Airbreathing Propulsion Altitude Test Cells

Wind Tunnels
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Aeroballistic and Impact Ranges
Range G . Standby
Range | . Standby
Range S1 . Standby
Range S3 . Standby
Space Environmental Chambers

12V . Standby
CCC . Standby
COP . Standby
UHV . Standby

A T Sy

Nuclear Weapons Effect Facilities

MBS . Standby

Legend:

Abandoned Test capabilities of the test unit for which maintenance, investment and sustainment efforts have
effectively been eliminated. The test unit may have been removed.

In Development A test unit that has an active project underway to either upgrade or restore the unit to a
operational status by an established date

Operational Active test unit, either fully or partially mission capable, with a qualified workforce.

Mothballed An inactive test unit, minimally maintained, that could be missing key supporting systems but
can be returned to an operational status in generally four to twelve months
A test unit that is used intermittently and maintained sufficiently to return to an operational status

in generally one to four months.
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1.1.3 History

German aeronautical advances in World War II were of concern to the United States because their weapons
clearly demonstrated superior aecrodynamic and propulsion advances developed in their apparently supe-
rior aeronautical test facilities. U.S. aircraft development during World War II focused on mass production
of fairly conventional aircraft, rather than making jet propulsion a national priority. This approach of dom-
inance by overwhelming production was successful, but the technological advances from German research
were worrisome. Cognizant military personnel realized that the next war could not be won by sheer weight
of production. No option existed but increased technological sophistication, especially in the high-speed
aerodynamics and propulsion necessary for jet engine and rocket design (Hiebert 2002).

As early as 1938, General Henry "Hap" Arnold recognized this technological gap and tried to develop
advanced testing facilities at Wright Field, then the principal technical center for the Army Air Forces
(AAF). His proposals provoked objections from other agencies, including the National Advisory Commit-
tee for Aeronautics (NACA), and General Arnold's attempts to advance our propulsion technology failed.
General Arnold continued to press for jet engine research, but research into jet propulsion was not a
national priority (Hiebert 2002).

At the close of the war, General Arnold directed that items of captured enemy equipment be collected
methodically so that technical experts could study the equipment. Captured equipment demonstrated the
German lead and heightened concern over American focus on production rather than innovation. The ini-
tial push was to transport and install or copy German test facilities and to use German scientists to run
them. By 1946, the military was pushing for its own test facility, the Air Engineering Development Center,
while the NACA pushed for a National Supersonic Research Center (NSRC). In a compromise effort, the
AAF and NACA prepared enabling legislation for presentation to Congress for a Unitary Wind Tunnel
Plan with the larger wind tunnels to be shared between the two agencies at the Air Engineering Develop-
ment Center (Hiebert 2002).

Site evaluation for a potential supersonic research site began in 1946 with consideration of nine general
areas of the U.S. These sites were considered for both the Air Engineering Development Center and the
NSRC. The initial evaluation recommended Moses Lake, Washington, as the location for the Air Engi-
neering Development Center because of the availability of land, water, power, and buildings, and Camp
Forrest, Tennessee, for the NSRC. Moses Lake remained the site of choice for the Air Engineering Devel-
opment Center until Secretary of the Air Force W. Stuart Symington and Commanding General Carl
Spaatz rejected the Moses Lake area because of its strategic vulnerability (Hiebert 2002).

In May 1947, the Research and Development Board approved Sverdrup and Parcel's alternate site, Camp
Forrest, for the Air Engineering Development Center. Camp Forrest, a 33,000-acre tract in central Tennes-
see, had housed 22,000 German prisoners of war (POWs) during the war. The U.S. repatriated these Ger-
mans at the same time it was importing German scientists. The Air Engineering Development Center was
constructed in central Tennessee with test facilities clustered in the central portion of the base. President
Truman signed PL 81-415 in 1949, and personally dedicated AEDC to General Arnold on June 25, 1951,
one year after the outbreak of the Korean War and on the birthday anniversary of General Arnold (Hiebert
2002). Table 1-2 shows the early chronology of AEDC.
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Table 1-2 Early Chronology of AEDC

1949
August 15 — Maj. Gen. F. O. Carroll named project manager for the Air Engineering Develop-
ment Center.
October 21 — Congress passes the Unitary Wind Tunnel Plan Act and the AEDC Funding Act.
November 9 — Selection of Camp Forrest, Tennessee, as the site for the Air Engineering
Development Center announced.
November 14 — Tullahoma District Office of the Army Corps of Engineers established to start
construction of the Air Engineering Development Center.

1950
January 1 — Air Engineering Development Division established as a separate operating
agency under the Chief of Staff of the Air Force.
January 3 — First construction directive issued by Air Force to Army Corps of Engineers.
February 28 — Deputy for Material, Air Engineering Development Division, transferred from
Washington D.C. to Tullahoma, Tennessee, marking the start of official Air Force activity in
Tullahoma.
March 3 — Secretary of Defense approves plans for construction of three major test facilities
and support facilities at AEDC.
March 7 — Name of the Air Engineering Development Center changed to Arnold Engineering
Development Center in honor of General of the Air Force Henry "Hap" Arnold.
March 21 — Tennessee Governor Gordon Browning signs a construction, survey and explora-
tion permit giving the government right of entry to 33,000 acres of former Camp Forrest land.
March 29 — The Secretary of the Air Force directs that a corporation under contract to the Air
Force would operate AEDC.
March 29 — The first contract for AEDC construction of cranes for the Engine Test Facility for
$124,000 awarded.
April 19 — Sverdrup & Parcel, Inc. establish ARO Inc., a Tennessee Corporation for managing
and operating AEDC.
May 16 — First major construction contract awarded for $207,000.
June 2 — First construction started.
June 23 — Contract to build a dam over the Elk River for $2,863,000 let.
August 11 — German equipment to build the Engine Test Facility transferred to William North-
ern Field.
September 29 — A contract to build the compressor and drive system for the Propulsion Wind
Tunnel facility let to Westinghouse Electric Corp. for $17,649,000.

1951
March 9 — An act of the Tennessee General Assembly turns 34,000 acres of former Camp For-
rest land over to the U.S. Government.
June 19 — A letter of contract signed with the University of Tennessee for a university relation-
ships study program.
June 25 — President Harry S. Truman dedicates AEDC.
July 6 — Sverdrup & Parcel, Inc. authorized to proceed with final design of the flexible nozzle
of the Propulsion Wind Tunnel transonic circuit.
August 3 — The Air Engineering Development Division redesignated the Arnold Engineering
Development Center.
October 25 — The shipping and receiving warehouse transferred to ARO, Inc., the first major
construction item to be transferred to the contractor-operator.
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1.2 Proposed Action

The Proposed Action is to expand and enhance capabilities at AEDC to meet the current and future test
needs for AFMC and their clients. Existing facilities would be operated at full potential within the con-
straints of the current Title V air permit and National Pollution Discharge Elimination System (NPDES)
permit. The Proposed Action includes maximum usage of current facility design features to ensure com-
pliance with all applicable Federal, State, and local environmental laws and regulations.

1.3 Objectives and Need for the Proposed Action

The primary objective of the Proposed Action is to ensure AEDC’s continued role in providing test capa-
bilities and research to support national air and spacecraft technological superiority. Continuing in this
role requires the ability to operate existing systems and develop new capabilities as needed to ground test
full-size rocket and air-breathing engines and appropriately sized models at conditions simulating mission
environments from sea level to near space conditions. Additionally, advanced testing facilities are required
to support U.S. civilian aircraft technological advancement, including advances in efficiency, materials,
and performance, to ensure a viable domestic aircraft industry.

AEDC was sited and constructed in response to the passage of PL 81-415, which directed development of
an advanced aerodynamic research center to support the national need for a technologically superior mili-
tary. The Center’s continued operation and ongoing ability to change in response to emerging technologies
and customer needs is necessary to support AFMC’s mission and facilitate continued compliance with PL
81-415 and governing policies regarding military superiority and national security.

Failure to implement the Proposed Action could reduce, over time, the ability of AEDC and the AFMC to
support its mission of advancing the use of technology to maintain and advance the technologically supe-
rior military capabilities of the country. A reduction in the ability to ground test emerging technologies
and products could result in an increased need for flight testing, which could in turn result in an increased
risk to human life and property. The future development of new systems and capabilities could be ham-
pered or rendered infeasible because certain technology advancements and systems development would be
impracticable without adequate ground testing capabilities.

1.4 Scope and Approach

This EA evaluates direct and indirect environmental impacts associated with current and future test opera-
tions at AEDC, focusing on system inputs and outputs. System inputs include natural resources, utilities,
and materials. System outputs include air emissions, water discharges, waste and noise (Figure 1-3).

In addition to the Proposed Action, the No Action alternative is evaluated in detail in this EA. Under the
No Action alternative, testing operations would continue at the current level with no facility improvement.

Elements common to the Proposed Action and No Action alternative including current testing operations,
infrastructure, and management systems are presented jointly in Sections 2.1, 2.2, and 2.3, with differenti-
ating elements presented in Section 2.6. Likewise, potential environmental consequences common to the
Proposed Action and No Action alternative for current operations are presented in Section 4.1, with differ-
entiating impacts for future operations presented in Section 4.2. The analysis of environmental impacts for
current operations is based primarily on data for 2000 through 2005, including available operational and
environmental data.
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This document was prepared in accordance with the requirements of the NEPA of 1969, the CEQ regula-
tions, and the USAF EIAP.

Noise Heat Air Emissions

Water ————i
—— Solid Waste
Electrical Power ——Jp
Natural Gas ———p Test Cells, Plants, 3 Hazardous Waste
: or Utility Systems
Fuels ———— Recyclable Materials
Materials ———)
Cryogens and ———— Wastewater/Cooling Water
other Gases »
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(potential)
AEDC Testing Operations
Input and Qutputs

Amold Engineering Development Center
Amold Air Force Base, Tennessee

Figure 1-3

Figure 1-3. AEDC Testing Operations Input and Outputs
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1.4.1 Issues Eliminated from Detailed Analysis

Neither the Proposed Action nor the No Action alternative have the potential for adverse impacts on spe-
cific resources at the AEDC complex or Arnold AFB. The elements identified below have been eliminated
from detailed analysis in this document.

Geology

No activities conducted under the Proposed Action would affect the underlying geologic features of
Arnold AFB.

Geomorphology

The Proposed Action would not affect any landforms, slopes, topography or soils. Therefore, geomorpho-
logic impacts are not considered in this EA.

Socioeconomic

Neither the Proposed Action or the No Action alternative will have a significant impact on area employ-
ment, environmental justice, or demographics.

Cultural Resources

The Proposed Action will involve land which has already been surveyed and cleared of cultural resource
issues. Neither action involves demolition or modification of any potentially historic structures.

Land use
No changes in land use are anticipated from the Proposed Action or the No Action alternative.

Wild and Scenic Rivers

No designated wild and scenic rivers or rivers potentially eligible for listing are present on Arnold AFB or
within the region influenced by the AEDC complex.

Radon

The Proposed Action would not include any lodgings subject to radon abatement/mitigation requirements.
Therefore, impacts from radon are not expected and are not analyzed in this EA.

Medical and Biohazardous Waste

Medical and biohazardous is not known to have been disposed onsite, and none would be disposed under
the Proposed Action or No Action alternatives.

Transportation

No changes in traffic loads or patterns are expected from the Proposed Action.
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1.4.2 Issues Studied in Detail

The elements evaluated in detail in this EA are listed below.

* Hydrology, including surface water, groundwater, and wetlands.
* Air, including climate and air quality.

* Biological resources, including wildlife species, plant species, rare, threatened and endangered
species, and sensitive environments.

* Occupational health and safety, including noise.

» Hazardous materials and waste.

1.5 Related Environmental Documents

This EA builds upon NEPA documentation relevant to testing operations and infrastructure completed in
previous years. These documents are presented in Appendix B with a summary of each including the pro-
posed action, alternatives considered, affected environment, and any mitigation measures implemented.
Given the broad scope of this EA, numerous relevant operational and environmental documents were
required its preparation. A complete listing of direct and indirect references is provided in Section 6.0.
Recent environmental documents of particular importance because of information used or their role in pro-
viding relevant additional detail beyond the immediate scope of this EA are listed below.

o Integrated Ecosystem Management Plan, Arnold Engineering Development Center, Arnold Air
Force Base, Tennessee, Geoff Call, September 2003 (Call 2003)

 Final Environmental Assessment: Proposed Fiscal Year 2004 Harvest of Pine and Hardwood
Pulpwood/Sawtimber, Arnold AFB, Tennessee (CH2M HILL 2004a)

 Final Environmental Assessment: Invasive Pest Plant Management, Arnold Air Force Base,
Tennessee, CH2M HILL, January 2005 (CH2M HILL 2005a)

* Final Environmental Assessment: Evaluation of Prescribed Burning for Ecological Restoration
and Forest Management, Arnold Air Force Base, Tennessee, CH2M HILL, January 2005
(CH2M HILL 2005b)

* Final Environmental Assessment: Conversion of Forest Land to Road Right of Way, Arnold Air
Force Base, Tennessee, CH2M HILL, April 2005 (CH2M HILL 2005¢)

* Final Environmental Assessment: Building, Paving, and General Construction, Arnold Air
Force Base, Tennessee, CH2M HILL, February 2006 (CH2M HILL 2006a)

* Final Environmental Assessment: Base-Wide Building Demolition, Arnold Air Force Base,
Tennessee, CH2M HILL, February 2006 (CH2M HILL 2006b)

1.6 Decision to Be Made

Under NEPA as implemented by the CEQ regulations (40 CFR 1500-1508) and Air Force implementing
regulations, the Air Force must evaluate the environmental consequences of any major agency action.
Some types or categories of actions do not either individually or cumulatively present the potential for sig-
nificant environmental consequences and can be categorically excluded from further evaluation (40 CFR
1507.3 and 1508.4; 32 CFR 989.13). Other actions clearly have the potential to significantly impact the
environment and therefore require comprehensive evaluation of environmental consequences in an EIS (40
CFR 1502.1; 32 CFR 989.16 - 989.20). Actions that are neither categorically excluded nor clearly require
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an EIS are evaluated through preparation of an EA to determine the potential for significant environmental
consequences. An EA leads to one of three outcomes:

(1) A decision not to proceed with the action.

(2) A FONSI (40 CFR 1501.4(e) and 1508.13; 32 CFR 15).

(3) A formal decision to proceed with an EIS.

The decision required to be made for this EA is whether AEDC will expand and enhance test asset opera-
tions to meet the current and future mission requirements or will only maintain current testing operations.

1.7 Authority, Applicable Regulatory Requirements, and Coordination

Compliance with NEPA includes comprehensive evaluation of applicability of and compliance with other
environmental and safety and health laws, regulations, directives, and executive orders. A brief summary
of federal and state laws and regulations that may be applicable to the Proposed Action is provided in the
following sections.

1.7.1 Environmental Policy

NEPA establishes national policy, sets goals, and provides the means to prevent or eliminate damage to the
environment. NEPA procedures ensure that information regarding environmental impacts is available to
public officials and citizens before decisions are made on major federal actions that have significant
effects. The President's CEQ regulations (40 CFR 1500-1508) implement the procedural provisions of
NEPA.

32 CFR 989, Environmental Impact Analysis Process, implements the Air Force EIAP and provides proce-
dures for environmental impact analysis both within the United States and abroad. The DoD has also
established a policy implementing NEPA [Environmental Effects in the United States of DoD Actions
(DoD Directive 6050.1)].

Protection and Enhancement of Environmental Quality, Executive Order (EO) 11514 as amended by EO
11991, sets the policy for directing the Federal Government in providing leadership in protecting and
enhancing the quality of the nation's environment. This policy also includes the examination of impacts
unique to minority and low-income populations as required in Federal Actions to Address Environmental
Justice in Minority Populations and Low Income Populations (EO 12898).

1.7.2 Air Quality

The Clean Air Act Amendments of 1990 (CAAA) (42 USC 7401 et seq., as amended) establishes as fed-
eral policy the protection and enhancement of the quality of the nation's air resources to protect human
health and the environment. The CAAA sets national primary and secondary ambient air quality standards
as a framework for air pollution control.

The Tennessee Air Quality Act [Tennessee Code Annotated (T.C.A.) (Tennessee Statutory Code), Chapter
1200-3-1] establishes provisions to achieve and maintain levels of air quality protecting human health and
safety, and to require the use of all available practicable methods to reduce, prevent, and control air pollu-
tion for the protection of the health, safety, and general welfare of the people of the State of Tennessee.
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Air Force Instruction (AFI) 32-7040, Air Quality Compliance, instructs the Air Force on compliance with
the CAAA and federal, state, and local regulations.

1.7.3 Water Quality

The Federal Water Pollution Control Act Amendments of 1972 [more commonly known as the Clean
Water Act (CWA)] (33 USC 1251 et seq., as amended) establishes as federal policy the protection and
enhancement of the quality of the nation's water resources to protect human health and the environment.
The CWA establishes the basic structure for regulating discharges of pollutants into the waters of the
United States through water quality standards for surface water contaminants. The Act makes it unlawful
for any person to discharge any pollutant from a point source into navigable waters unless a permit is
obtained in accordance with the provisions of the CWA.

The Tennessee Water Quality Control Act (T.C.A. Title 69, Chapter 3) establishes provisions to achieve and
maintain levels of water quality protecting human health and safety, and to require the use of all available
practicable methods to reduce, prevent, and control water pollution for the protection of the health, safety,
and general welfare of the people of the state of Tennessee.

AFI 32 7041, Water Quality Compliance, instructs the Air Force on compliance with the CWA and federal,
state, and local regulations.

1.7.4 Storage Tanks

The Tennessee Underground Storage Tank (UST) Program (T.C.A., Chapter 1200-1-15) and the U.S. Envi-
ronmental Protection Agency (USEPA) UST Program (40 CFR 280) protect public health and the environ-
ment by implementing regulations governing the installation and safe operation of aboveground and
underground petroleum storage tank facilities. These regulations establish criteria for designing, con-
structing, and installing secondary containment and also govern the remediation of petroleum contamina-
tion when discovered.

1.7.5 Biological Resources

The Endangered Species Act (16 USC 1531-1543) requires federal agencies that authorize, fund, or carry
out actions to avoid jeopardizing the continued existence of threatened or endangered species and to avoid
destroying or adversely modifying their critical habitat. Federal agencies must evaluate the effects of their
actions on threatened or endangered species of fish, wildlife, and plants, and their critical habitats, and take
steps to conserve and protect these species. All potentially adverse impacts to threatened and endangered
species must be avoided or mitigated.

Other legal requirements for protection of biological resources include the Fish and Wildlife Coordination
Act (16 USC 661 et seq., as amended), the Migratory Bird Treaty Act of 1918 (16 USC 701 et seq., as
amended), and Protection of Wetlands (EO 11990). AFI 32-7064, Integrated Natural Resources Manage-
ment, instructs the Air Force on compliance with the ESA and federal, state, and local environmental regu-
lations.

1.7.6 Cultural Resources
The National Historic Preservation Act of 1966 (NHPA) (16 USC 470 et seq., as amended) requires federal

agencies to determine the effect of their actions on cultural resources and take certain steps to ensure these
resources are located, identified, evaluated, and protected.
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The Archaeological Resources Protection Act of 1979 (ARPA) (16 USC 470a-11, as amended) protects
archeological resources on federal lands. If archaeological resources are discovered that may be disturbed
during site activities, the Act requires permits for excavating and removing the resource.

AFI 32-7065, Cultural Resource Management, instructs the Air Force on compliance with the NHPA,
ARPA, and applicable federal, state, and local regulations.

1.7.7 Noise and Land Use

The Noise Control Act of 1972 (42 USC 4901, et. seq., PL 92-574) establishes a policy to promote an envi-
ronment free from noise harmful to the health or welfare of people. Federal agencies must also comply
with state and local requirements for the control and abatement of environmental noise.

AFI 32-7063, Air Installation Compatible Use Zone Program (AICUZ) provides the Air Force with guid-
ance on compliance with applicable federal, state, and local regulations. The AICUZ establishes the basic
objective of achieving compatible uses of public and private lands in the vicinity of military airfields by
restricting incompatible development based on noise and safety factors. This program describes noise con-
ditions and safety zones on and near the military installation. Under joint use arrangements where the air-
field operator elects not to implement AICUZ, a base sites new on-base facilities in accordance with AFI
32-1026, Planning and Design of Airfields, and the noise compatibility guidelines in the Federal Acquisi-
tions Regulations (FAR) Part 150.

1.7.8 Environmental and Public Health and Safety

The Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), as
amended by the Superfund Amendments and Reauthorization Act (SARA) (42 USC 9601 et seq., as
amended), provides for funding, enforcement, response, and liability for the release or threatened release
of hazardous substances into the environment.

The Installation Restoration Program (IRP) is a DoD program designed to identify, confirm, quantify, and
remediate suspected problems associated with past hazardous material disposal sites on DoD installations.
The Defense Environmental Restoration Program (10 USC 2701 et seq.) is the legal mandate for the IRP.

The Resource Conservation and Recovery Act of 1976 (RCRA) (42 U.S.C. 6901, et seq., as amended) and
the Toxic Substances Control Act of 1976 (TSCA) (15 U.S.C. 2601, et seq., as amended) and other laws
and regulations provide requirements for use, handling, transportation, and disposal of other substances
and wastes that may pose a threat to human health and the environment.

AFI 32-7020, Environmental Restoration Program, instructs the Air Force on compliance with CERCLA
and federal, state, and local regulations.

The Occupational Safety and Health Act of 1970 (29 USC 651, et seq., as amended) provides regulations
designed to protect the health and safety of employees in the workplace. The program is implemented by
the Occupational Safety and Health Administration (OSHA) (29 CFR 1900-2400).

The Emergency Planning and Community Right-to-Know Act of 1986 (EPCRA, also known as SARA Title

IIT) (42 U.S.C. 11001, et seq., as amended) sets forth the requirements for emergency planning, including
timely notification and response to a release of hazardous substances.
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1.8 Document Organization

The main text of this report consists of the following sections:

Section 1.0, Introduction, presents the purpose, background, scope and approach, and organization of this
EA.

Section 2.0, Description of Proposed Action and Alternatives, presents the shared and differentiating ele-
ments of the Proposed Action and No Action alternative, alternatives considered but eliminated from fur-
ther evaluation, and a brief comparison of the Proposed Action and No Action alternative.

Section 3.0, Affected Environment, describes the natural and human environment potentially affected by
implementation of the Proposed Action or No Action alternative.

Section 4.0, Environmental Consequences, evaluates the common and differentiating environmental
impacts that could result from implementation of the Proposed Action or No Action alternative, including

cumulative impacts.

Section 5.0, Plans, Permit, and Management Requirements, summarizes plans, permitting, and manage-
ment systems that might be required for implementation of the Proposed Action or No Action alternative.

Section 6.0, References and Bibliography, lists the documents and sources used in the preparation of this
EA.

Section 7.0, List of Preparers, lists the individuals primarily responsible for preparation of this document.
The main text of this EA is supported in Appendices A through K which include a summary of relevant

NEPA documentation, air and water permits, air emissions, water discharges, hazardous materials and
waste, and utilities and resources usage.
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2.0 DESCRIPTION OF PROPOSED ACTION AND ALTERNATIVES

The Proposed Action is to expand and enhance capabilities at AEDC to meet the current and future test
needs for AFMC and its clients. Existing facilities would be operated at full potential within the con-
straints of the current Federal and State regulated permit limits. The Proposed Action includes maximum
usage of current facility design features which includes oil/water separators, inverted siphon dams, and a
flow-through retention reservoir to ensure compliance with all applicable Federal, State, and local environ-
mental laws and regulations.

Under the No Action alternative, current testing operations would continue at the current average levels
with no increase in capabilities. Testing of newly acquired systems could be conducted, but only within
the constraints of existing facility operations.

The Proposed Action and the No Action alternative are differentiated by maximum hours of operation of
each facility. Common elements include AEDC infrastructure and supporting facilities (Section 2.1),
health, safety, and environmental management systems in place at AEDC and Arnold AFB (Section 2.2),
test assets (Section 2.3), and plant assets (Section 2.4). Elements specific to the Proposed Action and No
Action alternative are presented in Section 2.5.

Section 2.6 provides a brief comparison of the Proposed Action and No Action alternative. The informa-
tion presented in this section highlights the environmental aspects of testing operations and supporting
infrastructure. This information in combination with Section 3, Affected Environment, establishes the basis
for the assessment of environmental consequences associated with implementation of the Proposed Action
and No Action alternative, which is presented in Section 4.

The test assets described in Section 2.3 are listed in Table 1-1 and Figure 2-9. All test assets that are in pro-
duction or that could be brought back on line in a reasonable time frame (standby or mothballed status) are
described regardless of their recent operational history. Test assets with an “abandoned” status are not
described since they have either been dismantled, are scheduled to be dismantled, or will require extensive
restoration in order to become functional.

2.1 Infrastructure and Support Facilities

Infrastructure and support facilities required for AEDC testing operations include raw and potable water
supply, wastewater treatment, electrical power distribution, liquid fuel storage and distribution, natural gas
distribution, steam supply, heating and cooling, and communications. Infrastructure elements are
addressed in this section proportional to their potential for environmental impact and resource utilization.
Support facilities for testing operations include various laboratories, fabrication shops, materials and waste
storage facilities, maintenance shops, and engineering and administrative buildings. Facilities directly
associated with testing operations are described in Section 2.3.

2.1.1 Water Supply, Treatment, and Discharge
The system for water supply, treatment, and discharge includes the potable water supply, cooling water

supply, stormwater drainage system, and sanitary sewer system. Figure 2-1 shows the flow for water sup-
ply and discharge.
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Figure 2-1. Arnold AFB Water Supply System

2-2



Final Mission Environmental Assessment June 2008

2.1.1.1 Water Supply

The water supply system consists of two distinct components: (1) the potable water supply system, which
provides water for base consumption and fire fighting; and (2) the cooling raw water supply, which sup-
ports test facility operations, fire protection at Arnold Village and portions of AEDC, and facility HVAC
equipment. Raw water for these systems is pumped from the Primary Pumping Station at Woods Reservoir
to the 57 million-gallon secondary reservoir through a 4.5-mile long 60-in. concrete-lined steel water main.
Water is transferred to the secondary reservoir at flow rates up to 104,500 gpm utilizing six 2,000-horse-
power (hp) vertical turbine pumps. The secondary reservoir supplies the base water treatment plant and
cooling water system. Table 2-1 provides the water supply system flow parameters.

Table 2-1. Water Supply System Parameters

Facility Facility Served Limitations Limét;:gc'?f;ey 200‘;‘:&“““"
Woods Reservoir | All AEDC PPS rate 26 billion gallons | NA
g‘zzg?\?;:y gﬁ,esd WTPand | o oacity 57 million gallons | NA
\F/>\{ater Treatment | AEDC potable Design rate 2.2 mgd Average 0.8 mgd
ant water
Iitua(ri]o[;]iggrétation Cooling water Design rate Sg8p2|00 gpm @ E)L;rziragr;egsc}ing 30
Cooling Towers 'I?/Ii:-kF,l PWT, ETF, Design rate fgggglo gpm @ ;;’E’):glion

2.1.1.1.1 Potable Water Supply

Raw water is typically gravity-fed from the secondary reservoir to the base water treatment plant (WTP)
through a 14-in. underground line for treatment and subsequent distribution. Raw water can also be sup-
plied via a pressurized feed line from the PPS when the SPS is drained. The WTP can process up to 2.25
million gallons of raw water per day. Treated potable water is stored in two 250,000-gallon clear wells and
a 250,000-gallon elevated tank.

The WTP (Facility 1504) is a Class F-3 type facility (Public Water System No. 0004408 — Non-Transient,
Non-Community) supplying an average flow of approximately 700,000 gallons of potable water per day.
The WTP includes two 1,000 gpm effluent pumps, one 500 gpm effluent pump, and a 5,000 gpm backwash
pump. A settling basin with a coagulation basin (Facility 1502) adjoins the WTP building. A separate
chlorination building (Facility 1512), which includes chlorine dioxide pre-treatment and chlorine gas post-
treatment, is located across the coagulation basin from the WTP building. Water treatment includes chlo-
rine dioxide injection; flash mix of potassium permanganate, alum, and lime; mixing in flocculation cham-
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bers to coagulate solids; settling of solids in the settling basins; addition of carbon and subsequent filtering
in sand filters; and final addition of chlorine before storage in the clear wells (Facility 1503).

The potable water supply distribution system is a looped grid of over 13 miles of six- to 12-in. mains that
serves over 150 buildings, structures, and areas within the AEDC complex and includes the fire-fighting
water supply. Approximately 75% of this distribution grid was installed in the 1950’s and is constructed of
cast iron pipe. The remainder of the system is constructed of polyvinyl chloride (PVC) pipe. The water
distribution system is scheduled for annual repair or rehabilitation to maintain good condition and ensure
the capacity for additional for growth.

The City of Estill Springs Water Department supplies water to other areas of the base, including the Arnold
Village family housing area, the Visiting Officer’s Quarters, the Family Camping Area (FamCamp),
Arnold Lakeside Club, and the AEDC recreation area. Potable water is supplied to the airfield, golf
course, and the National Guard Rifle Range by groundwater wells.

2.1.1.1.2 Cooling Water Supply

More than 70 billion gallons (214.8 acre-feet) of cooling water per year are used by the AEDC test facili-
ties and other industrial users to dissipate heat from equipment and processes. The cooling water system
provides water for AEDC operations through 17.5 miles of cooling water supply and return mains. The
AEDC cooling water distribution network includes an 84-in. diameter main header, a 72-in. lateral, and a
60-in. lateral capable of a maximum design flow of 200,000 gpm at 150 psi. Supply lines up to 78 in. in
diameter deliver cooling water to specific test facilities. Figure 2-2 shows the location of the key compo-
nents for the AEDC cooling water system.

The cooling water supply system consists of two principle components to provide the necessary cooling
water flow rates for AEDC operations: 1) the raw cooling water distribution system, and 2) the ASTF cool-
ing tower system. Depending on test operation demand, the raw cooling water distribution system and
ASTF cooling tower system can be used separately or in concert. Raw water may be pumped from the sec-
ondary pumping station or the pumping station located on the southern end of the retention reservoir into
either the raw cooling distribution network as once-through cooling water or to the ASTF cooling tower
basin. Additionally, raw water can be pumped directly from the primary pumping station to the ASTF
cooling water basin.

The ASTF cooling tower basin has a 1.3-million gallon reservoir and includes a makeup water valve rated
at 20,000 gpm. The basin also includes seven pumps rated at 205,000-gpm flow at 58 psi to return water to
the cooling tower. The cooling tower is used to reduce cooling water temperature from 95°F to 83°F at a
total design flow of 205,000 gpm at 108 psi. The cooling tower consists of 12 cells constructed of ammo-
niacal copper arsenite pressure-treated Douglas fir lumber with three feet of PVC corrugated fill material.

The ASTF cooling tower system can be operated to support most facilities as a recirculation system in
which the cooling water is gravity-drained to the ASTF return basin and then pumped back to the cooling
tower. Make-up water is periodically required for the recirculation system because of losses due to evapo-
ration and system leakage. For facilities that have no return pipes available, water is discharged to one of
three drainage ditch systems. For some facilities, the water is not circulated back to the ASTF cooling
tower because of potential contamination from testing operations. Cooling water that is not recirculated
returns to the retention reservoir through Rowland or Bradley ditch.
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2.1.1.2 Stormwater Drainage System

The stormwater drainage system controls base stormwater flow to prevent flooding and uncontrolled
releases to local streams. Most stormwater at AEDC is collected by a system of curbs and gutters, under-
ground storm mains, and open ditches. A system of nearly 150 sump pumps, about 20 miles of under-
ground mains, and over 19 miles of open ditches convey the majority of stormwater within AEDC to
Rowland Creek, Bradley Creek, and Brumalow Creek, which lie within the Elk River Watershed. The
northwestern-most portion of the industrialized area drains into Crumpton Creek, which lies in the Duck
River Watershed. Figure 2-3 shows key features of the stormwater drainage system.

Most process water and surface water discharge is contained within AEDC. All water discharged into
Rowland Ditch beginning at its headwall is diverted into the southern end of the retention reservoir. Dis-
charge to Bradley Ditch and Brumalow Ditch are diverted to the retention reservoir and ASTF cooling
tower basin, respectively, through pumpback systems. Water flows off of AEDC through Bradley and Bru-
malow Ditches only during storm events that generate flow exceeding the capacity of the pumpback sys-
tems.

Discharge to the upper reaches of the Rowland Ditch (labeled as a return ditch on Figure 2-4) enters the
southern end of the retention reservoir. Skimming booms stretch across this portion of the reservoir so that
floating contaminants are diverted into skimming basins for collection and removal. A turbidity curtain
suspended by a floating boom is used to direct flow into the main area of the reservoir to maintain adequate
residence time for solids to settle before any discharge to a tributary of Rowland Creek.

Located at the headwaters of a tributary to Brumalow Creek are two inverted siphon dams and one skim-
ming dam to remove any floating contamination from discharged AEDC process water. The inverted
siphon dams work essentially as gravity oil/water separators wherein the water is detained behind the dam
and discharged by gravity through an intake below the water surface (i.e., below the floating contamina-
tion). This system also allows solids to settle prior to final discharge. Water is transferred to the ASTF
cooling tower basin through the pumpback system located in front of the skimming dam. Any overflow
from storm events flows through a skimming pond located south of the AEDC installation boundary where
inverted siphon drain pipes contain any residual sheen or floating contamination before discharging to a
tributary of Brumalow Creek.

Discharge to Bradley Ditch flows to the retention reservoir through a pumpback system for recirculation
into the cooling water system or discharge to a tributary to Rowland Creek. The system is the same as
described above for Brumalow Creek, with the exception that Bradley Ditch has only one dam with valved
inverted siphons. Water from the Bradley Ditch pumpback system enters the retention reservoir through a
return ditch on the northeast side of the reservoir. Any overflow from storm events flows through a skim-
ming pond located northeast of the AEDC installation boundary where inverted siphon drain pipes contain
any residual sheen or floating contamination within the pond.

Stormwater and surface water discharge is further discussed in Section 3.1.1.4, Surface Water.

2.1.1.3 Sanitary Sewer System

Wastewater generated at AEDC is collected through an underground sanitary sewer system and treated at
an on-base sewage treatment facility. The collection system includes 28 lift stations, nearly 9 miles of
gravity flow and forced sewer lines, and the AEDC sewage treatment plant. Constructed in the 1950’s, the
system consists primarily of vitrified clay pipes, although newer construction consists of plastic pipes and
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repairs utilize cured in-place pipe (CIPP). All sewage treatment plants and wastewater discharges are sub-
ject to NPDES monitoring requirements.

The AEDC sewage treatment plant consists of two primary settling basins and one trickling filter, various
pumps, drying beds, an aerobic digester, and an equalization basin to prevent the plant from peaking. The
design flow is 660,000 gallons (2 acre-feet) of sewage per day. Effluent from the primary settling basin is
processed through the trickling filters and settling basins, disinfected with ultraviolet light, and discharged
into Rowland Ditch. The plant is in good condition and is currently operating at approximately one-third
total capacity

Areas of the base not connected to the main sewage collection system utilize either a Recirculating Sand
Filter (RSF) sewage treatment plant or septic tanks. A RSF sewage treatment plant is used for the Arnold
village family housing, the Wingo Inn, Arnold Lakeside Club, and the Military Family Housing beach.
Septic tank systems serve all other areas of the base including the primary pumping station, Gossick Lead-
ership Center, the golf course, AEDC Main Recreation Area, Rocket Prep Area, X-Ray Building, Airfield
Operations Building, FamCamp Area, Amold Village Community Center and Softball Field, and the J-6
Steam Plant (AEDC 2005a).

2.1.2 Electrical Distribution System

Electrical power for AEDC is purchased directly from the Tennessee Valley Authority (TVA). AEDC is a

high peaking user and the 21 highest energy user among Direct Served Customers (AEDC 2005a). AEDC
has a Memorandum of Agreement with TVA for both a firm power of 18 megawatt (MW) and a Limited
Interruptible Power (LIP) between 18 and 36 MW, as well as a variable amount of power called Variable
Priced Interruptible (VPI). The VPI ranges from 36 MW to 664 MW (up to 700 MW maximum) and is
used by AEDC to support the high peak requirements of high usage test operations.

Four 161-kilovolt (kV) lines and two 500-kV feeds supply the Franklin substation, located on 360 acres of
leased Arnold AFB property. The Franklin substation has a capacity of 1,430 megavolt-amperes (MVA),
with the highest recorded demand to-date reaching only 600 MVA. This substation supplies electrical
power to the base.

Two 161-kV lines feed from the Franklin substation to AEDC’s main substation, located southwest of the
Power Control Building. Pressurized and oil-filled underground 161-kV lines feed eight distributing sub-
stations which include ASTF Airside, ASTF Exhaust, VKF, PWT, PES, ETF #1, ETF #2, and ETF #7.
Transformers at each of the test center substations reduce power to 13.8 kV, 6.9 kV, 4kV, 16 kV, and 2.3 kV
to meet facility and equipment requirements. This system contains 31 transformers with a total capacity of
1,827 MVA.

Additional electrical power is stepped down to 13.8 kV at the main substation and distributed to approxi-
mately 200 base-wide service points through 14 circuits consisting of approximately 124,725 ft of over-
head service lines (13.8 kV) and approximately 141,315 ft of underground service lines (161 kV, 13.8 kV,
and 6.9 kV). The electrical distribution system also includes multiple circuit breakers and associated
switchgear.

The electrical power supply is backed up for emergency loss of power by a total of 35 fixed and portable

emergency (diesel and gas-powered) generators. The backup generators range in electrical power genera-
tion capacity with the largest rated at 825 KW.
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In addition to the power provided by TVA, the Duck River Electric Membership Cooperation provides
power to operate the equipment for the Elk River Dam. The dam has backup power from a 50 KW gener-
ator. Tullahoma Utility Board provides electrical service to the golf course, tennis courts, shooting range,
and the Tennessee Army National Guard area.

2.1.3 Liquid Fuel Storage and Distribution System

Liquid fuels used at AEDC include jet fuel to support turbine engine testing and ground fuels for general
operations. Fuel currently used for testing primarily consists of JP-8 jet fuel but AEDC prepares blended
fuels with additives as specified by test customers. Ground fuels include unleaded gasoline (MUR) and
ultra low sulfur diesel (DL2). Commingled fuel, which is off-specification jet fuel or blended fuel consist-
ing of mixtures that remain after testing or system purging, are stored and used for heating. Figure 2-4
shows the conceptual flow of testing and ground fuels.

All fuels are delivered to AEDC through the Defense Energy Support Center (DESC). Jet fuel is delivered
to the Bulk Fuel Farm by truck from the Defense Fuel Supply Point (DFSP) in Bremen, Georgia, and trans-
ferred to designated above-ground storage tanks (ASTs). The Bulk Fuel Farm provides a total combined
capacity of 1,603,992 gallons in five ASTs, consisting of 1,017,467 gallons of total capacity for jet fuel and
586,525 gallons of capacity for commingled fuel storage. The Bulk Fuel Farm contains transfer pumps,
truck unloading/loading stations, loading headers, filter separators, a product recovery system at each AST,
oil/water separators, connecting piping, a foam fire protection system, and secondary containment.

Test fuel is transferred from the Bulk Fuel Farm to the Operational Fuel Farm through two four-inch steel
pipes encased in an impervious concrete containment trench. Fuel can also be unloaded at the Operational
Fuel Farm directly from trucks when necessary. The Operational Fuel Farm consists of nine ASTs with a
total combined storage capacity of 290,374 gallons, as well as dedicated transfer pumps to move the fuel to
the various test assets, distribution piping and valves, truck unloading stations, loading headers, an oil
water separator, a product recovery system at each AST, a foam fire protection system, and secondary con-
tainment to prevent the spread of any spill. Fuel is distributed from the Operational Fuel Farm to the vari-
ous test facilities through a continuous loop of nearly four miles of four- and six-inch piping. The
distribution system consists of primarily of carbon steel pipe set in containment trenches, with less than 10
percent consisting of aboveground stainless steel pipe. Fuel is transferred at a rate of approximately 275
gpm at 60 psi.

Unused test fuels piped from test cells and plant fuel systems are returned to the Operational Fuel Farm for
storage through the underground return lines. Commingled fuels resulting from events such as purging of
the test systems may also be piped to the Operational Fuel Farm from test assets for storage in designated
ASTs. Commingled fuel from both the Bulk and Operational Fuel farms are piped to the ASTF Heaters for
use. Commingled fuel is also occasionally transported by tanker truck for use at Steam Plant A.

In addition to fuel recovery systems and oil/water separators to minimize the risk of fuel spills and
releases, all tanks at both the Bulk Fuel Farm and Operational Fuel Farm have an automatic pressure shut-
off valve and alarm that is automatically triggered when a tank reaches its safe full level or a pressure drop
is detected when pumping fuel to a test facility. Both the Bulk Fuel Farm and the Operational Fuel Farm
also include automatic fuel gauges. Fuel tanks in use are inventoried at the end of each week and all tanks
are inventoried monthly to validate the accuracy of the gauging systems and assess the potential for leaks if
the meter readings and physical inventory do not match.

In addition to the ASTs associated with the Bulk and Operational Fuel farms, there are a total of 423 ASTs
throughout AEDC that store various fuels, gases, and oils; 165 of these ASTs have a capacity of 660-gal-
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lons or greater. In addition to the three USTs at the ARS, there are six unregulated USTs located at various
base facilities.

Ground fuels used for AEDC support operations (gasoline and ultra low sulfar diesel) are delivered to the
Automotive Repair Shop (ARS) by DESC commercial contractors. The Automotive Repair Shop has two
15,000-gallon capacity underground storage tanks (USTs) for unleaded gasoline and one 15,000-gallon
capacity UST for ultra low sulfar diesel fuel. These three USTs are regulated under the authority of the
state of Tennessee.

2.1.4 Natural Gas Distribution System

The Elk River Public Utility District (ERPUD) supplies natural gas to AEDC. Natural gas is supplied to
the industrial portion of the Center through an ERPUD owned pressure reducing and metering station at
100 pounds per square inch gauge (psig). ERPUD also serves the wastewater treatment plant, paint shop,
and commissary through separate service connections that contain pressure regulators and meters. These
connections are metered and billed as separate accounts from the AEDC gas utility system.

Natural gas is used as a heating fuel for test associated heaters, dryers and plant equipment and for the pro-
duction of steam at two steam plants. Gas consumption is metered at each steam plant and test facility. The
system piping is coated carbon steel and most of the system was installed in the 1970s. The last major
extension was the 6-inch line to the J6 Test Area in 1993. The gas utility system is radial and none of the
buildings can be fed from different paths.

The AEDC gas distribution systems consist of approximately 14,500 linear feet of piping. Pipe sizes range
from 0.5 to 12 inches. Other than Steam Plant C, which is served by three separate regulators, there are
nine facilities connected to the AEDC natural gas system. Each facility that uses gas has at least one pres-
sure regulator to lower gas pressure for equipment use. All devices that use natural gas are downstream of
meters, although not all users are individually metered. There are 22 meters installed for internal charging
purposes. There are also two meters inside of Steam Plant C used to meter the natural gas which can only
be read from the Steam Plant C control system.

Natural gas is supplied to AEDC in an odorized condition and there are no odorization facilities included in
the AEDC natural gas distribution system. There are no compressed natural gas (CNG) fueling stations on
Arnold AFB.

Depth of burial for the natural gas distribution piping averages between 2 and 3 feet below ground surface.
Since the piping is metallic, tracer wire has not been installed. Approximately 10 percent of the gas distri-
bution piping is located below paved surfaces.

An impressed-current type cathodic protection system serves the natural gas distribution piping. This sys-
tem consists of 3 rectifier units with 34 test points located at strategic locations along the course of the line.
Monthly maintenance checks/data collection is performed on the AEDC portion of the cathodic protection
system to determine the functionality/degradation of the systems. Coordinated management of the
cathodic protection system for natural gas lines, as well as other soil or ground contacting metal structures,
electrical power conduits, water piping, etc., is required to assure protection of the natural gas piping.

2.1.5 Steam Supply System

Two central plants, Steam Plant A and Steam Plant C, provide steam to over 90 base facilities and testing
functions. A third plant, Steam Plant B, is no longer in use. The steam system is primarily for the purpose
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of providing steam to test operations, with base heating as its secondary purpose. The steam distribution
system was originally built in the early 1950’s but most of the original direct-buried system has been
replaced. Figure 2-5 presents a system conceptual flow diagram.

Steam Plant A (Building 1411) is a low-pressure steam system generating approximately 200 psi saturated
steam. This steam plant has four steam boilers serving the general base facilities, ETF, ASTF, PWT, VKF,
and associated support areas. Three boilers in Steam Plant A are rated at 60,000 Ib/hr steam and one boiler
is rated at 35,000 lb/hr steam. Steam Plant C (Building 563) is a high-pressure steam system generating
approximately 750 psi saturated steam using a single-boiler system, which is rated at 42,000 Ib/hr steam.
This plant is used primarily for the test requirements of the J-6 test asset but also supports the T-3, J-1, J-4,
and J-5 test assets. Steam Plant C is also used as emergency backup for Steam Plant A and the main distri-
bution system. Because Plant A is a low-pressure system, it cannot be used as backup for Plant C.

The steam distribution and condensate return system is over seven miles long and contains approximately
16 miles of piping, including shallow-trench, aboveground, and buried piping. The system includes man-
holes, steam traps, valves, 43 meters to measure flow, and condensate return pumps for controlling the
flow of steam and condensate return. The system delivers approximately 1.4 million pounds of saturated
steam per day on average for testing requirements, freeze protection, and base heating.

The steam plants use natural gas as the primary fuel supply, although Steam Plant A can use commingled
fuel or No. 2 fuel oil. An average of approximately 1 million cubic feet of natural gas per day is used to
fuel the steam plants, but peak demands on cold days with test operations can range over 2 million cubic
feet of natural gas per day. Air emissions from each steam plant are regulated through the AEDC Title V
air quality control air permit [Sources 01 — 04 (Steam Plant A) and Source 43 (Steam Plant C)].

Potable water is used as make-up water for losses from the steam supply system. The potable water is first
treated with a water softening system using a resin and is then processed through a reverse osmosis (RO)
system. Both the water softening resin and the membrane in the RO system require routine backflushing.
The backflushed material from the resin is discharged to the sewage treatment plant while the reject water
from the RO system is discharged to the storm sewer system.

2.1.6 Heating and Cooling

AEDC has approximately 1,200 air conditioning and refrigeration systems supporting facilities that total
over 2.8 million square feet. Base air-conditioning systems have a total capacity of over 10,000 tons of
cooling. Unit capacities range from one to 400 tons, with the average unit approximately 20 tons. The
base air conditioning systems use air cooling towers, and the base cooling water system as condenser cool-
ing sources. The base has over 1,000 heating and ventilating systems serving the facilities. The majority
of the heat is supplied from the base steam distribution system. The steam is either used directly or is sup-
plied to a heat exchanger of a hot water system.

An Energy Monitoring and Control System (EMCS) is utilized to more efficiently manage base energy
usage. Approximately 75 EMCS-managed facilities are connected to a central control facility in Building
1525. The EMCS provides 24-hour-a-day, seven-day-a-week monitoring of energy requirements gener-
ated by base HVAC needs.
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Figure 2-5. Steam System Supply Conceptual Flow Diagram
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2.1.7 Communications System

The communication infrastructure consists of copper, fiber optic, coaxial cables, and a concrete duct sys-
tem. The copper cable plant provides switched and dedicated circuits from the base Dial Central Office,
Building 251, to all buildings on base. The copper distribution system consists of 10 main cables that
serve the base’s telephone, low speed data, and alarm requirements.

The fiber optic distribution system is a combination of a star configuration of multimode fibers from the
Central Computer Facility, Building 1103, out to each of the distribution hubs and then to their satellite
buildings. There is also a star configuration of single mode fibers from Building 251 to individual build-
ings. The base has an extensive concrete multi-cell underground duct system throughout the majority of
the industrial area. This secured duct system houses fiber optic cable for unclassified as well as classified
communication networks.

All communication and computer planning follow the guidance of the AEDC Communications-Computer
Systems Basewide Integrated Plan and the AFMC Base C41 Systems Blueprint.

2.1.8 Support Facilities

Facilities supporting AEDC testing operations include administrative buildings, various laboratories, ware-
houses, the model shop, painting and sandblasting facilities, and maintenance shops. These facilities con-
sume utilities but have limited resource input and limited potential for discharge or emissions, and
therefore have limited potential for environmental impact. Select support facilities are briefly summarized
below including inputs and outputs for their operation. Operations at all support facilities are managed in
accordance with the Hazardous Materials (HAZMAT) Pharmacy system and base solid and hazardous
waste management plans.

Administrative buildings include office buildings, the medical facility, the commissary and base exchange
(BX). These buildings require utilities for heating, power, water, sanitation, and communications but have
limited resource input or output.

Warehouses and storage facilities are located throughout AEDC for receiving, inventorying, and storage of
materials and equipment used at the AEDC. The primary warehouse and storage facilities include the
Shipping and Receiving Warehouses and the Test Equipment Storage Facility located at the south end of
the AEDC complex. Numerous smaller storage facilities are located throughout the AEDC complex to
support individual facilities, such as gas cylinder storage, drum storage lockers, and equipment buildings.

AEDC has a paint shop and sandblasting facilities. The primary inputs to these facilities are paint, sol-
vents, and sand. The primary outputs are air emissions from the sandblasting and painting operations.
While these air emissions are not individually regulated as an emissions source under the Title V air qual-
ity control permit, the general conditions of the permit apply as well as regulations under the CAAA for
potential emissions of VOCs.

The Model Shop and various satellite fabrication shops are used to repair, construct, maintain, and install
test hardware. This manufacturing capability is necessary to modify test hardware and test asset configura-
tions to meet constantly changing test needs. The Model Shop also functions as a general purpose shop
and maintenance facility. Several outlying structures and features support operations at the Model Shop,
including the pipe and fabrication shops, flame cutting and shear machine sheds, vapor degreaser and rig-
gers maintenance buildings, and the metal storage area.
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Several laboratories provide support to the test assets and conduct research necessary for AEDC testing.
Laboratory services ensure the reliability and accuracy of materials, instruments, equipment, and test arti-
cles. Laboratories include the Chemical Lab, which analyzes fuels, gases, and other materials before use to
ensure compliance with test specification and requirements; the Metallurgical and NDE Lab, which veri-
fies the structural integrity of critical test hardware and facility components; the Photographic Lab, which
provides comprehensive still and motion picture coverage of tests; the Precision Measurement Equipment
Lab (PMEL), which calibrates and repairs instruments used to control and measure test conditions and to
acquire data from test articles; the Force, Flow, and Dynamics Building, which calibrates dead weights
used in the testing; the High-temperature Lab; the Plume Data Diagnostics Lab; the Experimental Research
Lab; and the FSD Research Building.

The primary facilities for maintenance and repair of base support vehicles are the Automotive Repair Shop
and the Locomotive (Heavy Equipment) Maintenance and Storage Shed. General maintenance shops are
located throughout AEDC for support of individual test assets, including the PWT Pipe Shop, ETF-A
Valve Repair Shop, and ETF Maintenance Shop. These facilities use petroleum, oil, and lubricants (POL)
and hazardous materials such as solvents.

The Chemical Cleaning Facility uses acid baths to clean steel tanks, including a 1,200-gallon phosphoric
acid bath. A nitric acid/hydrofluoric acid bath is used to clean stainless steel piping and tubing. The pri-
mary resource input is acid and the primary waste is spent acid. The air emissions from the Chemical
Cleaning Facility are regulated under the Title V air quality control operating permit for which VOC emis-
sions are tracked and reported for fee assessment. No emission limits are imposed, although regulations
under the CAAA for potential emissions of VOCs would apply.

2.2 Health, Safety, and Environmental Management

AEDC is centrally controlled by a unified set of management systems to maintain orderly and consistent
operations. The general objectives of these systems are:

* Achievement of the AEDC mission as the primary and paramount goal.
* Completion of testing and facility operations in a uniform and consistent manner.

* Compliance with laws and regulatory requirements to minimize potential adverse effects on the envi-
ronment and to protect workers and the community.

Comprehensive, integrated safety, health, and environmental management systems are developed, imple-
mented, and maintained to ensure protection of human health and the environment and compliance with
relevant laws, regulations, EOs, DoD directives, and AFI’s. Management systems include programs for
worker safety, emergency response, hazardous materials and waste management, protection of air and
water quality, fish and wildlife management, integrated ecosystem management including protection of
rare, threatened and endangered species, and management of cultural resources. These systems, which are
common to the Proposed Action and No Action alternative for both the near term and long term, are
addressed in detail in Section 3 under the relevant affected environment discussions.

2.3 Research, Development, Test and Evaluation (RDT&E) Systems

Current RDT&E systems operation and maintenance at AEDC represent baseline conditions shared by the
Proposed Action and No Action alternative. The following subsections describe the existing test facilities,
including physical descriptions, general operations, and testing capabilities. The descriptions of test assets
are designed to provide sufficient information to understand their function such that the potential for envi-
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ronmental impacts can be discussed in Section 4, Environmental Consequences. All assets that are in pro-
duction or that could be brought back on line in a reasonable time frame (standby or mothballed status) are
described regardless of their recent operational history.

While aerodynamics, aeropropulsion, and aerospace (space and missile) tests are generally conducted
within specific facilities, some facilities support more than one type of test operation (Table 1-1). For the
purpose of this EA, the facilities are grouped according to their predominant test operation.

2.3.1 Wind Tunnels

AEDC has seven wind tunnels that are either operational or in a mothballed status. These tunnels are used
for flight systems tests of large-scale aircraft models. Two of the wind tunnels (16T and 16S) can also be
configured for aeropropulsion testing operations. Wind tunnel tests can also involve store-separation
investigations which ensure that bombs, missiles, or other internally or externally-carried stores separate
cleanly from the parent aircraft when released.

2.3.1.1 168 Supersonic Wind Tunnel

Tunnel 168 is used both for conventional aerodynamic tests and for combined aerodynamic and aeropro-
pulsion tests. Large and full-scale models of aircraft, missiles and rockets are tested with propulsion sys-
tems installed and operating. Tunnel 16S is capable of operation at Mach numbers from 1.5 to 4.5
(supersonic speeds). Mach numbers above 3.40 require operating the main drive and the Plenum Evacua-
tion System (PES) compressors in series. Pressure of the airflow sections can be varied to simulate altitude
conditions from 50,000 ft to about 150,000 ft. The maximum attainable pressure is a function of Mach
number and the availability of electrical power. The minimum stagnation temperature obtainable varies
from about 100 degrees Fahrenheit (°F) to 565°F.

Tunnel 16S measures approximately 700 ft long by 300 ft wide. The large size of the 16S test section
allows for full-scale installations to test engine performance and airframe aerodynamics. Rocket propul-
sion systems and their external aerodynamics are also investigated. Testing conducted in 16S includes air-
breathing engine and rocket propulsion systems testing, store-separation testing, decelerator testing, static
stability testing, and dynamic stability and magnus effects testing. Tunnel 16S has a scavenging system for
removal of combustion products.

Tunnel 16S is currently in a “mothballed” status.

2.3.1.2 16T Transonic Wind Tunnel

The primary differences between 16T and 16S are maximum Mach numbers, stagnation temperature, and
simulated altitude. Tunnel 16T is capable of operation at Mach numbers from 0.06 to 1.60 (transonic
speeds) and simulated altitudes from sea level to 90,000 ft. The tunnel stagnation temperature can be
varied from minimum of approximately 80°F, depending upon available cooling water temperature, to
a maximum of 120°F. Tunnel 16T measures approximately 425 ft by 225 ft and has the same size test sec-
tion as 16S. A flexible nozzle regulates the velocity of the airflow as it enters the test section.

Models in tunnel 16T can be supported in a variety of ways including a High Angle-of-Attack System

(HAAS) for evaluating extreme flight altitudes and a Captive Trajectory Support (CTS) system for weap-
ons integration testing.
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Testing conducted in 16T includes air-breathing engine and rocket propulsion systems testing, store-sepa-
ration testing, decelerator testing, static stability testing, and dynamic stability and magnus effects testing.
Tunnel 16T has a scavenging system for removal of combustion products when testing rocket motors or
gas turbine (jet) engines.

2.3.1.3 4T Transonic Wind Tunnel

Tunnel 4T is 12.5 ft in length and has a 4-ft-square cross section. The tunnel can maintain a Mach number
range between 0.05 and 2.46 (transonic speeds). The compressor drive motor is a 20,000 hp synchronous
motor that can be powered by a variable frequency power system (VFPS) providing infinite speed control
from about 100 to 1,800 rpm. The 4T tunnel utilizes a three-stage axial flow compressor providing a Mach
number range of 0.2 to 1.3. For Mach numbers greater than 1.3, airflow is provided by the PES compres-
sors. The compressor inlet guide vanes and the three stator rows are remotely controllable through an
angle range that satisfies the range of volume flow requirements.

In addition to the conventional force and pressure tests of aerodynamic models, tunnel 4T can be used for
highly specialized testing techniques such as inlet performance, force testing, captive trajectory store sepa-
ration, store-drop studies, dynamic stability investigations, and magnus effects testing.

2.3.1.4 “A” Supersonic Wind Tunnel

Tunnel A is a 40 in. by 40 in. cross-section continuous, closed-circuit, variable-density, wind tunnel that
operates between Mach numbers 1.5 and 5.5. Air supply for Tunnel A is provided by a main VKF com-
pressor system for a wide range of mass flows and stagnation pressures up to 200 psia. A high-pressure air
reservoir is used to provide rapid pressure changes required for different test points. Tunnel A is primarily
used to investigate vehicle static/dynamic stability and control properties, booster and shroud separation
characteristics, jet interaction and control effectiveness, inlet performance, aeroheating and surface pres-
sure distribution, and to validate aerodynamic and aerothermal computations.

2.3.1.5 “B” and “C” Hypersonic Wind Tunnels

Tunnel B is a 50-in. diameter tunnel for testing speeds of Mach 6 and 8. Tunnel C, used for testing speeds
of Mach 10 has an identical test section to Tunnel B but can also be used for aerothermal testing at Mach 4
and 8.

Both tunnels are closed circuit with axisymmetric contoured nozzles that may be operated continually over
a range of pressure levels with air supplied by the main VKF compressor system. Stagnation temperatures
sufficient to avoid liquefaction in the test section of each tunnel are obtained with two natural gas-fired
combustion heaters in combination with the compressor heat of compression. Tunnel C requires the use of
an electric heater in addition to the two natural gas heaters. The entire tunnel (throat, nozzle, test section,
and diffuser) is cooled by integral, external water jackets.

Tunnels B and C are primarily used to investigate static force, pressure, temperature, dynamic stability,
heat transfer rate, and fluctuating aerodynamic measurements; material evaluation, jet-interaction, free-
flight, and plume simulation testing; and flow visualization and direct photography.

2.3.1.6 “C” Aerothermal Wind Tunnel

The Mach 4 Aerothermal Tunnel C is a closed-circuit, high-temperature, supersonic free-jet wind tunnel
with an axisymmetric contoured nozzle and a 25-in.-diam nozzle exit. This capability requires only a noz-
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zle and throat change from Mach 10 to Mach 4 and utilizes all of the Tunnel C circuit. Mach 4 Aerothermal
Tunnel C operates continuously over a range of pressures from nominally 20 psia at a minimum stagnation
temperature of 260°F to 180 psia at a stagnation temperature of 1,110°F. Alternate configuration of Tunnel
C allows operation at a maximum temperature of 1,440°F and a maximum pressure of 100 psia. The air
temperatures and pressures are normally achieved by mixing high temperature air (up to 1,790°F) from the
primary flow discharged from the electric heater with the bypass air flow (at 980°F) from the natural gas-
fired heater. The primary and bypass air flows discharge into a mixing chamber just upstream of the Aero-
thermal Tunnel C stilling chamber. The entire aerothermal nozzle insert, consisting of the mixing cham-
ber, throat, and nozzle sections, is water-cooled by integral, external water jackets.

Aerothermal Tunnel C is primarily designed to provide a true temperature test environment for the evalua-
tion of flight hardware, including materials evaluation testing, but it can also perform the types of tests
described for Hypersonic Wind Tunnel C.

2.3.1.7 Airflow Calibration Laboratory (ACL) Wind Tunnel

The ACL, a small wind tunnel, was originally designed as a low-density hypersonic tunnel. The test asset,
which is 7.4 ft in diameter and 12 ft long, can be pumped down to less than 0.5 psia. The ACL has been
modified to serve as an airflow calibration laboratory. This test unit can maintain wind speeds of Mach
1.75, 2.5, 4, and 6. Its airflow capabilities can be used, with minor modifications, to provide calibrations
for various items such as the mass flow of wind tunnel inlet/nozzle models, air-powered turbine simulators,
flow-field pressure probes, total temperature probes, and hot (film) wire anemometers.

The AEDC VKF Auxiliary Mass Flow System provides air to the ACL. The air supply originates from a
4,000-psia reservoir regulated by pneumatically operated pressure control valves. The mass flow system
can provide metered flow rates of up to 10 lbm/sec at pressures up to 1,900 psia. Air temperatures up to
700°F are provided through the mass flow system using a gas heater.

2.3.2 Aeroballistic and Impact Ranges

The aeroballistic ranges consist of both aerodynamic gun ranges and impact ranges. The aerodynamic gun
range, Hypervelocity Range G, test scaled models of space vehicles, missile nosecones, projectiles, and
other components in free-aeroballistic flight under various environmental conditions. Models are launched
at velocities up to 23,000 ft/sec (Mach 21). Impact ranges, including Hypervelocity Impact Range S1,
Impact Range S3, Range I, and the Impulse/Impact Range, determine the effects of meteoroid and projec-
tile impacts upon spacecraft structures, high-speed aircraft, and other similar events.

2.3.2.1 Range G Complex

The Hypervelocity Range/Track G Complex consists of three test assets. Hypervelocity Gun Range/Track
G consists of a large bore (84-mm or 203-mm) two-stage light-gas gun, a 305-m test chamber with projec-
tile guidance capability (track), and a projectile recovery system. Range I, or the Impact Facility, consists
of a 64-mm two-stage light-gas gun and a 10-m target tank, is primarily used to perform impact and lethal-
ity tests. The Impulse/Impact Range is a free-piston shock tunnel used to perform real-gas testing for CFD
code validation.

2.3.2.2 Hypervelocity Gun Range/Track G

This facility is used to test subscale models at reentry speeds and environmental conditions. The models
can be tested in either a free-flight mode where the model flight path is unconstrained and the model is
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destroyed at the end of the trajectory, or in the track mode where the flight path is constrained and the
model is recovered. In the free-flight configuration, the test unit provides aerodynamic, reentry physics,
heat transfer, and impact testing. In the track configuration, the test assets provides nosetip transition,
ablation, erosion, and actively cooled nosetip testing. Range G is also equipped to study effects of wake,
ablation, and erosion (dust, rain, and snow).

The facility is equipped with a test vehicle launcher that can accommodate a variety of launcher bore sizes.
The launcher system is a two-stage powder-hydrogen gun approximately 220 ft long. The test unit
includes a 929 ft long, 10 ft diameter steel tube within an underground service tunnel 20-ft wide and 13-ft
high. A blast chamber absorbs the expanding muzzle gases. The range tank is divided into two sections by
a bulkhead. These sections can be set to different pressures and can contain different gases.

The humidity in the test gas can be controlled to facilitate test environments. Temperature is regulated at
76£3°F with an air conditioning system. Test environments other than air, such as nitrogen, argon, and
helium, can be provided to accommodate special test needs. A quick-opening valve between the sections
maintains a pressure difference until arrival of the model. A four-stage system of mechanical vacuum
pumps, which are cooled using non-contact AEDC raw cooling water, provides the range test pressure
desired. Pressure of the test gas can be controlled between 1 and 1,300 torr.

The exhaust from the vacuum pumps used for test preparation is discharged to the atmosphere. Upon com-
pletion of testing, the range is vented to the atmosphere and then purged and ventilated using a 4,000 cfm
and a 6,000 cfm fan exhausting through stacks 15 and 25 ft above ground surface.

2.3.2.3 Range I (Impact Facility)

The Impact Facility is located alongside the Range G launcher and shares some of the same support sys-
tems, including the vacuum system. The launch tube bore is 2.5 in. in diameter and 68 ft long. The pow-
der chamber pump tube bore is 8.0 in. in diameter and the total length of the tube is 96 ft.

The vacuum tank is 8-ft-diameter and 80 ft long. The forward portion of the tank is a blast tank that
absorbs the muzzle gases; the remainder of the tank is a target tank. The two sections of tank are separated
by a bulkhead with a quick-operating valve to maintain appropriate pressures.

2.3.2.4 Impulse/Impact Range

The Impulse/Impact Facility is a hypersonic facility with a gas aerodynamic/ combustion test capability.
The facility can be configured either as a two-stage light-gas gun to launch models at targets (impact) or as
a free-piston reflected shock tunnel (impulse). The free-piston shock tunnel, which uses adiabatic com-
pression to heat a light driver gas, is capable of producing very high stagnation enthalpy at high density.
The velocities generally tested are between Mach 6 and 7.

The compression tube, high-pressure section, and dump/target tank are common to both facilities. The
high-pressure section and associated mass addition act as an inertial mass (17 tons) for the system to
reduce recoil. A secondary Mylar® diaphragm is located near the nozzle throat to isolate the test gas in the
shock tube from the evacuated test section and blast tank.

2.3.2.5 Hypervelocity Impact Range S1

The VKF Hypervelocity Impact Range S1 is equipped with a two-stage, light-gas launcher. In addition to
the launcher, which accelerates the projectile to the desired test velocity, the range has a blast chamber into
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which muzzle gases expand and in which the projectile is separated from the sabot. The range also has a
connecting tube, along which instrumentation can be located, and three target chambers where impact
occurs. The target range can be operated at vacuums as low as 0.001 torr. The target chambers of Range
S1 are equipped with a large number of viewing ports to accommodate radiometers, spectrographs, and
various photographic recording systems.

2.3.2.6 Impact Range S3

The VKF Hypervelocity Impact Range S3 is a test unit used primarily for low-speed impact studies. Past
test programs included bird impact studies on aircraft canopies and space shuttle external tank spray-on
foam insulation. The launcher consists of a 31-ft-long driver and a two-piece launch tube 60 ft long. The
driver is charged with compressed air and the launch is initiated by mechanically cutting the Mylar® dia-
phragm that separates the driver and the launch tube. Launch velocity range is from Mach 0.37 to 1.3.

2.3.3 High Enthalpy Ablation Test Complex

The HEAT (ARC Facilities) complex is located in the AEDC High Temperature Laboratory and includes
test assets H1, H2, and H3. These test assets provide high-pressure, high-enthalpy conditions simulating
aeroheating environments consistent with endoatmospheric flight at velocities from Mach 4.6 to 18.4 for
testing materials. The arc facilities reproduce thermal environments simulating flight above Mach 8 for
long exposure periods required to validate thermostructural performance and survivability of materials and
components. Figure 2-6 shows the conceptual flow for operation of HEAT test assets.

2.3.3.1 Test Unit H1

The HEAT-HI1 Test Unit is an advanced performance arc-heated facility providing high-pressure, high
enthalpy test conditions for qualification of thermal protection materials, nose tips, and electromagnetic
apertures and structures for hypersonic missiles, space access systems, and reentry vehicles. Testing
includes combined ablation/erosion capability, nosetip steady-state ablation, nosetip boundary-layer transi-
tion, wedge, and antenna window transmission studies.

HI1 utilizes a segmented arc heater with multiple electrically isolated segments which form the heater ple-
num. The unique segmented construction allows the arc to be held at a fixed length to optimize heater effi-
ciency and total enthalpy at high pressure and flow uniformity. A stilling/mixing chamber can be installed
to mix cold air with the arc-heated air to decrease the total enthalpy, increase the flow Reynolds number,
and improve the uniformity of the flow enthalpy across the test jet. H1 also can be used to simulate hyper-
sonic erosion/impact using various sized graphite particles injected into the flow field and combined abla-
tion/erosion testing. Dust particle flow rates from 5 to 60 grams (gm)/sec can be achieved using high-
pressure nitrogen to force the dust through a metering orifice and into the air flow.

The segmented arc heater operates at approximately 20kV and 1,200 amps to provide heater chamber input
ranges from 1,000 to 8,500 Btu/Ibm over a pressure range of 20 to 120 atm. Power is provided through a
60MW DC power supply with a maximum open-circuit voltage of 50 kV and maximum current of 3,000
amps. An air supply from the VKF main high-pressure air compressor and storage tank system provides
up to 30 Ibm/sec at 3,800 psi, although normal operations require flow rates between 0.5 and 15 Ibm/sec
maintained by control valves and regulators. H1 components are cooled by a closed-loop, demineralized
water system supplying water at flows of 1,500 gpm and pressures up to 1,500 psi. The demineralized
water is cooled through a heat exchanger using AEDC raw cooling water supply.

2-20



Final Mission Environmental Assessment June 2008

2.3.3.2 Test Unit H2

The HEAT-H2 Test Unit is an arc-heated aerothermal tunnel providing high-enthalpy flow at high Mach
numbers ranging from Mach 5.5 to 13.8 and dynamic pressures simulating hypersonic flight at pressure
altitudes from 70,000 to 160,000 ft for periods up to 30 minutes. Testing capabilities are similar to H1. H2
utilizes a Huels-type arc heater to generate high-temperature, high-pressure air for expansion through a
hypersonic nozzle into the evacuated test asset. Direction and distribution of the injected air can be
selected to optimize the enthalpy distribution across the flow to match specific test requirements. H2
shares utilities, power, water, air supply, and data acquisition systems with H1. Exhauster pumping is pro-
vided by the AEDC PWT PES (Section 2.4.3).

2.3.3.3 Test Unit H3

The 70-MW HEAT-H3 arc heater provides a large, high-pressure, arc facility with sufficient size and per-
formance for testing of full- and large-scale missile and reentry samples and structures. Testing capabili-
ties are similar to H1. H3 is a 12-module, 50-percent geometric scale-up of the H1 segmented arc heater,
and is designed to operate at over twice the available power level and mass flow of H1 while providing
essentially the same flow field enthalpy and pressure.

2.3.4 Space Environmental Chambers

The VKF aerospace chambers provide spacecraft testing at all system levels and includes sensor calibra-
tion and mission simulation, thermal vacuum, radiation effects, and contamination testing. Simulated
space conditions include space vacuum and cryogenic temperature, space thermal radiation environment,
threat simulations, and vehicle vibration. The aerospace chambers include the Mark I, located in the Mark
I Test Building, 7V, 10V, 12V, and 7A, located in the Mark 1 Engineering Lab (Building 1077) and the
DECADE and MBS test assets, located in the DECADE Radiation Test Facility (Building 1088).

2.3.4.1 Mark I Chamber

The Aerospace Environmental Chamber (Mark I) simulates space conditions for solar and vacuum testing
and can provide testing in zero gravity conditions for less than two seconds. The Mark I chamber is suit-
able for conducting tests on large space vehicles and a variety of space subsystems. It consists of a large,
vertical, cylindrical vacuum tank, pumping systems, thermal environment systems, vehicle support and
attitude control equipment, controls, and instrumentation. The building housing the chamber has ten work-
ing floors, including four floors below and six floors above ground. The chamber, which measures 42 ft in
diameter by 82 ft in height, is contained in a room 68 ft by 68 ft by 109 ft high enclosure.

The Mark I Environmental Chamber can be configured for conducting separation or free-fall tests at vac-
uum conditions of 1.0E-04 torr monitored with high-speed motion-picture cameras and other instrumenta-
tion. A catch mechanism stops the test article at the bottom of the chamber. Thermal vacuum testing on
space systems can also be performed using 77 Kelvin (-321°F) liquid nitrogen-cooled thermal surfaces and
a heat flux system.

The Mark I Clean Room consists of three rooms that are temperature and relative-humidity controlled
(72°+3°F with 45-percent maximum relative humidity). The clean room is serviced by a 15-ton air condi-
tioning unit, six high-efficiency particulate air (HEPA) filter banks, and prefilters. This system provides
12,000 scfm of filtered and conditioned air for use during build-up and removal phases.
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Figure 2-6. HEAT Facility Conceptual Flow Diagram
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The Mark I support systems include both a conventional vacuum pumping system and cryopumping sys-
tems. The conventional pumping system is a combination of oil-sealed mechanical roughing pumps and
Roots-type pumps, and oil diffusion pumps. The mechanical pumps reduce the chamber pressure to
approximately 30 torr. The oil-sealed mechanical pumps then further reduce pressure to 10 torr. Subse-
quently the Roots-type pumps are operated to reduce the pressure to 1.0E-02 torr, followed by evacuation
of the Mark I chamber to 1.0E-05 torr by the eight 32-in. oil diffusion pumps.

Background temperature of outer space is simulated by liquid nitrogen-cooled stainless steel surfaces
within the chamber that are coated with high-absorptivity paint. A closed-cycle refrigeration system is
used to maintain the liquid nitrogen supply. Gaseous helium-cooled cryopanels can be used inside the
chamber to reduce the vacuum to as low as 1.4E-07 torr.

The infrared (IR) radiation source consists of a I0W CO, laser, attenuators, and various optics. Available

beam irradiance over the sensor entrance aperture is approximately 0.001 watts per square centimeter (w/
cm2).

The Mark I chamber is currently in a “mothballed” status.

2.3.4.2 7V Chamber

The 7V chamber is a cryogenic/vacuum facility providing sensor calibration against a low IR background.
The 7V chamber incorporates an extensive capability for mission simulation, providing target and back-
ground sources for both above and below-the-horizon tracking, discrimination, and intercepts testing. The
wide variety of high-fidelity radiometric sources provides background and targets.

The 7V chamber is 7-ft diameter, 21-ft long and contains a light-tight cryogenically cooled liner (20 Kelvin
(-424°F)) for low radiometric background to simulate deep-space conditions. A combination of turbomo-
lecular and cryopumps can be used to attain simulated pressure altitudes beyond 200 miles (less than 1.0E-
07 torr). The chamber is housed within a Class 1000 clean room.

Collimated radiation from the target and calibration sources is provided by a diffraction-limited, two-ele-
ment mirror system. Contamination control is critical to protecting the sensor and the test equipment. This
control is maintained by careful design and selection of materials, the use of clean rooms, and careful
pumpdown/cooldown procedures to cryopump contamination on non-critical surfaces.

2.3.4.3 10V Chamber

The 10V chamber provides a closed-loop ground test capability to assess multiband electro-optical sensor
performance at cryogenic conditions under realistic operational scenarios. The capabilities of the 10V are
suited for “deep space” testing of optical elements at required temperatures.

The 10V chamber is a horizontal cylinder 10 ft in diameter and 30 ft long containing a cryogenically
cooled light-tight liner and optical benches. Each optical bench is mounted to the 150 ton seismic mass via
columns that penetrate the vacuum shell though vibration isolation diaphragms to limit line-of sight vibra-
tion stability to less than 1 microrad. The chamber is fitted with a light-tight 20 Kelvin (-424°F) gaseous
helium liner to simulate the background radiation of space. A combination of turbomolecular and cry-
opumps can be used to attain simulated pressure altitudes beyond 200 miles (less than 1.0E-07 torr). The
10V Chamber shares a single clean room with the 7V Chamber.
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2.3.4.4 12V Chamber

Aerospace Chamber 12V provides thermal balance testing of small space vehicles and components. Long-
term thermal balancing can be performed using solar-on, solar-off with liquid nitrogen background and
rotating the test article to characterize the thermal load requirements while simulating orbital conditions.
Other tests include characterization of hybrid solar arrays and measurement of space vehicle or vehicle
component IR signatures between 5 and 22 micrometers.

The 12V chamber is 12 ft in diameter and 35 ft high. It is lined with 77 Kelvin (-321°F) liquid nitrogen
cryopanel surfaces, which are used to simulate the thermal environment of space. For tests requiring a
colder background, the 12V chamber has a gaseous helium-cooled inner liner, or shroud, which can be
cooled and maintained at 10 Kelvin (-442°F) and evacuated to the 1.0E-08-torr level.

The 12V Chamber support system includes a 730-cfm roughing pump, a 140-cfm forepump with a 700-
cfm blower, and a 32-in. valved and liquid nitrogen-baffled oil diffusion pump. The chamber uses liquid
nitrogen traps and turbomolecular pumps in combination with a cryopumping system.

2.3.4.5 Small Laboratory Aerospace Test Chambers

Contamination studies at AEDC are typically performed in small vacuum chambers, located within the
Mark I Engineering Lab, ranging in diameter from 18 in. up to 3 ft and from 1 to 5 ft in length. Most of the
chambers have a vacuum capability of 1.0E-06 to 1.0E-07 torr and can be cryogenically cooled. The vari-
ous contamination studies include optical properties (refractive and absorptive indices), measurements of
contaminant films condensed on cryogenic optical surfaces, surface effects of contaminants on thermal
control surfaces, solar cell efficiency degradation due to contaminants, and cryogenic or warm measure-
ments of contaminant effects on mirror. These laboratory test chambers require limited support systems
and have limited system resource inputs. System outputs are limited to incidental release of gases upon
completion of testing.

2.3.4.5.1 Bidirectional Reflectance Distribution Function Chamber

The BRDF chamber is used for contamination studies including testing of outgassing properties of satellite
and ground test chamber materials and evaluation of contamination monitoring devices such as the quartz
crystal microbalance (QCM) and surface acoustic wave (SAW) mass detectors. It has also supported long-
term performance evaluations, including preflight qualification of QCMs at temperatures as low as 10 Kel-
vin (-442°F) and reflective property changes in samples.

The BRDF chamber can measure the scattering effects of condensed contaminants on cryogenically-
cooled, highly polished mirrors. A contaminant source deposits the outgassing products to be studied by
condensing them on the cold test surface, which can be cooled to temperatures as low as 77 Kelvin
(-321°F) using liquid nitrogen and 20 Kelvin (-423°F) using gaseous helium. A helium-neon or carbon
dioxide laser beam enters the chamber and is incident on a mirror test surface. The radiation scattered
from the cold mirror surface is measured in situ.

2.3.4.5.2 7A

The 7A chamber is a general- purpose chamber 3-ft diameter by 5-ft long with a 77 Kelvin (-321°F) or 20
Kelvin (-424°F) cryogenically cooled liner similar to the other aerospace chambers. The chamber is used
for component functional checkout and development. This vacuum chamber uses cryopumps and tur-
bopumps to achieve vacuum to 1.0E-08 torr.
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2.3.4.5.3 Cryogenic Optical Properties Chamber

The 2-ft by 3-ft COP Chamber is used for experimental determination of the effects of thin film contami-
nants condensed on cryogenically cooled optical components. Data have been obtained for substrates
cooled to both 77 Kelvin (-321°F) and 20 Kelvin (-423°F) using liquid nitrogen and helium gas, respec-
tively. The COP Chamber can measure IR transmittance measurements for space-rated materials and
determine the optical properties (refractive and absorptive indices) for cryogenic films. The COP Cham-
ber is also used for investigating the optical effects of pure gases condensed on cryogenically cooled opti-
cal surfaces over a wavelength range from approximately 2.5 to 20.0 millimeters (mm).

2.3.4.5.4 Solar Absorptance Measurements Chamber

The SAM Chamber is used for reflectance studies of contaminated thermal control surfaces and for mea-
surement of contamination effects on solar cell efficiencies. The surfaces in this chamber are maintained at
room temperature. Reflectance measurements are made over the 0.25 to 2.5 mm wavelength range, which
covers the range where most solar energy is concentrated.

2.3.4.5.5 Space Materials Outgassing Chamber

The SMOG Chamber determines material outgassing properties, including the total mass loss. A mass
spectrometer is used to identify the species of gases produced by heating a known material to some specific
temperature. The mass spectrometer identifies those species which might not condense on a 77 Kelvin
(-321°F) surface and would not be detected by a QCM cooled to 77 Kelvin. Outgassing of space compo-
nents, such as thermal blankets, can be accomplished in larger chambers.

2.3.4.5.6 Characterization of Combined Orbital Surface Effects Chamber

The CCOSE Chamber is used to test the contamination effects of various sources on a small test samples.
Testing is typically conducted on 1-in. samples of spacecraft materials. Types of materials include thermal
control paints, solar cells, sun-shields, and mirrors.

The CCOSE Chamber, formerly the 4 x 10 Chamber, is a 42-in. diameter by 72-in. stainless steel vacuum
shell with bolt-on dished heads on each end and a 4-ft side access port. The pumping system consists of
two roughing pumps, a turbopump, a cryogenic pump (cryopump), and a liquid nitrogen cryo-can scaven-
ger. A chamber base pressure of 3.0E-07 torr can be maintained with all pumps in operation. Full pump-
down test operation with failsafe monitoring and re-pressurization can be controlled with a single user soft-
ware input. Space environment simulators include deuterium and xenon lamps to reproduce the ultraviolet
(UV) radiation of the sun, atomic oxygen generator, low-energy ion source, proton source, electron source,
and a material outgassing cell. The system uses high voltage, hydrogen, oxygen, and nitrogen gases. The
high voltage sources are capable of producing a maximum of 100 kV at 2.4 mA.

Raw water and compressed air are used in the operation of the pumps and valves. Gaseous helium and lig-
uid nitrogen are used for cryogenic cooling. Hydrogen is used for operation of the proton gun, oxygen is
used in the operation of the atomic oxygen generator, and xenon is used in the operation of the low-energy
ion gun. All gases fed into the outgassing cell are collected on cryogenic surfaces or pumped out through
the roughing pump.

2.3.4.5.7 1559 Chamber
The 1559 Chamber is based on the ASTM E1559 Material Outgassing Test Standard and is used to evalu-
ate the outgassing properties of spacecraft materials. Test materials include thermal control paints, poly-
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mers, and adhesives. Test materials are placed in an effusion cell and heated up to 398 Kelvin (256°F).
The 1559 Chamber uses a single roughing pump, a turbopump, and a two-stage commercial cryopump
capable of providing temperatures as low as 10 Kelvin (-441°F). Spacecraft material is inserted into the
effusion cell during a test, inserted into the vacuum chamber, and held at an elevated temperature for up to
five days. Data is collected during this time data from the QCMs to evaluate the rate at which substances
are evolved from the space material.

Raw cooling water is used to cool the cryopump. Gaseous helium is recycled in the cryopump system dur-
ing operation. Substances evolved from spacecraft materials are primarily water, carbon dioxide, and
nitrogen. Minute amounts of other condensable gases are collected on the QCMs.

2.3.4.5.8 Ultra-High Vacuum Chamber
The UHV Chamber is used for component checkout. It measures 24 in. in diameter by 36 in. in length and has a cryo-
genic helium liner that can be cooled to 20 Kelvin (-424°F). The pumping system consists of a turbopump and a

roughing pump with a liquid nitrogen cooled baffle (cold trap). The only emissions are nitrogen from the cold trap.
2.3.4.5.9 Vacuum Ultraviolet Chamber

The VUV Chamber was designed to measure the reflectance of mirrors and other optics in the vacuum
ultraviolet range. The chamber consists of a single roughing pump and a turbopump. A spectrometer sen-
sitive in the vacuum ultraviolet region is attached to the chamber for mirror and optical evaluation.
Recently, the spectrometer system was disconnected and the chamber is now used for component check-
outs. The spectrometer system can be re-connected and operational within approximately one week if
required.

Hydrogen, xenon, and oxygen gases have been used in this facility to check out the CCOSE proton gun,
low-energy ion gun, and atomic oxygen source. A hydrogen supply tank is brought to the unit as needed.
A recirculation water bath was used for component cooling. The roughing pump exhausts to the building
exterior.

2.3.4.5.10 Component Checkout Chamber

The CCC performs radiometric calibration and characterization for infrared detector and hybrid focal plane
arrays (FPA). It can also be used to test materials in a cryogenic environment to study thermal expansion
and contraction before testing in the larger test chambers. The relative spectral response of the detector
array can be determined as well as hybrid array performance measurements including responsivity, noise,
noise equivalent irradiance, uniformity, operability, and dynamic range. The CCC is also used to evaluate
mission-related performance elements such as in-band spectral measurements, crosstalk, radiometric flash
recovery, and FPA response blooming.

The CCC consists of two concentric circular cylinders with axes aligned vertically. The outer shell of the
chamber is a cylindrical, stainless-steel spool section enclosed by elliptical end bells which provide the
vacuum enclosure. A mechanical pump and a turbomolecular pump are used to evacuate the CCC. The
inner cylinder is a two-piece, gaseous helium-cooled [<25 Kelvin (-415°F)], optically tight liner. The addi-
tional cryopumping of the internal liner provides a chamber pressure of less than 1.0E-07 torr. Minimum
chamber background is 109 ph/sec-cm2, and a background source is available with a temperature range of
77 to 500 Kelvin (-321 to 440°F). The IR target source temperature can be varied from 200 to 800 Kelvin
(-100 to 980°F).
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2.3.5 Nuclear Weapons Effect Facilities

The DECADE Radiation Test Facility verifies that space systems, such as satellite surveillance, communi-
cation, and missile navigation subsystems, can perform their missions in harsh radiation environments.
Test articles in the vacuum chamber are exposed to generated X-rays. Test articles up to approximately 5 ft
in diameter by 6.5 ft long can be tested in the vacuum chamber, while larger test articles can be tested at
ambient conditions.

The energy required to produce the X-rays is stored in the Marx capacitor banks at the rear of the simula-
tor. The energy is released to diodes that convert the energy to X-rays through the Bremsstrahlung process.
Two Bremsstrahlung modes are available to produce X-rays: one producing 40 kilojoules (KJ) of argon
radiation with an exposure area of 1 square meter (m2) and dose of 10.7 kilorad (krad) (Si) (plasma radia-
tion source or “cold” mode), and a high dose mode producing 20 krad (Si) over 0.2 m2 (Bremsstrahlung or
“hot” mode). The two testing modes are necessary because nuclear explosions produce a broad spectrum
of X-rays. The simulator produces up to 40 terawatts (TW) (1.0E12 watts) of power for a period of 40 to
50 nanoseconds (nsec) (1.0E-09 seconds). The DECADE Facility can support up to three shots per day.

The DECADE facility has a vacuum pump system to create the necessary testing conditions within the test
chamber. Several aboveground tanks and pumps are used to store and circulate dielectric mineral oil for
the X-ray generation equipment. Secondary containment, pumps, and piping are in place at the facility to
control the release of any spills or leaks.

A DI water system is used in the DECADE facility for cooling of the capacitor banks, vacuum pump sys-
tem, and ancillary equipment. Potable water is processed through a series of filters/processes to deionize
the water, which is then stored in aboveground tanks. A trench-drain around the perimeter of the facility
transfer discharged DI water and any potential releases to a sump. The water in the sump is tested and,
upon verification of analytical results, is discharged through an oil/water separator to the stormwater drain
system. This stormwater drain discharges to Brumalow Ditch and is conveyed to the ASTF cooling tower
basin through the Brumalow Ditch pumpback system.

The DECADE facility includes a radiation safety system of engineering controls to attenuate radiation
doses. It also includes a wet-pipe fire suppression system designed for Ordinary Hazard Group 2 in accor-
dance with the National Fire Protection Association (NFPA) 101, Life Safety Code.

2.3.5.1 Modular Bremsstrahlung Source (DECADE Facility)

The MBS is a smaller X-ray simulator within the DECADE Facility used to provide nuclear weapons
effects testing on cables and small satellite components. The MBS simulator is used for system generated
electro-magnetic pulse, internal electro-magnetic pulse, and also provides enhancement effects testing. A
vacuum chamber is available for testing in space environments. The MBS shares the other systems in the
DECADE facility.

2.3.6 Airbreathing Propulsion Altitude Test Assets

The Propulsion Altitude Test Assets support aircraft, and missile propulsion system research and develop-
ment by conducting simulated flight tests over a wide range of Mach numbers and altitudes, which provide
data at precisely controlled conditions required to determine operational characteristics of aeronautical
propulsion systems. Testing includes the evaluation of air-breathing engine performance, engine/inlet
dynamics, engine operability transients, engine acromechanical behavior, engine mission simulations, ice
accretion, engine durability or altitude accelerated mission testing, and altitude performance.

2-27



Final Mission Environmental Assessment June 2008

Test assets fall under two primary divisions:

* Propulsion Development Test Assets: J-1, J-2, T-1, T-2, T-3 T-4, T-5, T-7, T-11, T-12, SL-1, SL-2, SL-
3, C-1, and C-2.

« Combustion Research Assets: R1A1, R1A2, R1D, R1E, R2A2, and R2H.

The Propulsion Altitude Test Assets are supported by three plant assets which include air supply and/or
exhaust systems: the ETF-Basic (ETF-B Plant), the ETF-Addition (ETF-A Plant), and ETF-C Plant, com-
monly referred to as the ASTF. These support facilities are discussed in detail in Section 2.4.

2.3.6.1 Propulsion Development Test Assets

The propulsion development test assets perform studies on air breathing engines, which include turbine
and ramjet engines. Instrumentation is attached to jet engines, which are then installed in test assets,
mounted on thrust stands. Tests are sometimes performed with screens placed in front of the engines to
simulate airflow characteristics of the aircraft inlet or with water atomizing systems to simulate icing con-
ditions. The engine is then operated as the air supply compressor and exhauster systems are regulated to
simulate flight conditions with controlled airflow rate, temperature, pressure, and velocity as required.
Instruments are installed in and around the engine to measure forces, pressures, temperatures, vibrations,
and other parameters. Testing conditions are specific to the required flight envelop including the critical
areas representing the engine performance limits, which are generally less than Mach 3.8 and altitude less
than 100,000 ft. Table 2-2 summarizes the characteristics of the propulsion test assets.

Table 2-2. Summary of the Propulsion Development Test Assets

Test . . . Mach Mass Flow .
Test Section Dimensions Inlet condition
Asset Range (Ib/sec)
Diam/Width Length Pressure Temp
x Height (ft) (ft) (psia) (F)
J-1 16 44 0to3.2 550 120 -60 to 720
40
J-2 20 46 2.6 550 40 -60 to 450
T-1 12.3 39 to 57 2.6 470 70 -40 to 400
650 60
800 40
T-2 12.3 3210 50.5 2.6 470 70 -40 to 400
650 60
300 40
T-3 12 15 0-4 150 120 -85 to 1,200
200 260
T-4 12.3 39t047.8 2.6 40 70 -40 to 400
650 60
800 40
T-5 7 17 0-2 20 75 -65 to 200
T-7 7 9 0-3 20 40 -65 to 650
T-11 9.5x9.5 17 NA 67 35 -65 to 230
T-12 10 20 NA 67 35 -65 to 230
SL-1 24 x 24 56 0 1,000 14.7 ambient
SL-2 24 x 24 60 0-1.2 550 14.7 to 38 20to 270
SL-3
C-1 28 45 0-2.3 1,500 130 -40 to 350
C-2 28 47 0—-2.3 2.200 40 -40 to 350
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2.3.6.1.1 Test Asset J-1

Propulsion development test asset J-1 is used for testing of complete turbojet/turbofan propulsion systems.
It is primarily used for direct-connect performance and stability testing of large air breathing propulsion
systems, although free-jet testing can be accommodated. A typical installation includes inlet airflow mea-
suring venturis, an 8-ft-diameter inlet plenum, engine, and exhaust collector or diffuser. High accuracy
measurement systems for thrust, pressure, flow rates, temperature, and speeds are available in the J-1 test
complex for the accurate determination of engine performance.

Test asset J-1 receives process air from the ETF-C Plant. The J-1 inlet plenum is provided conditioned air
using gas fired heaters for heated air and expansion turbines for cold air. True simulated flight conditions
can be provided over the entire flight envelope of most turbojet engines up to Mach 3.2 and 75,000 ft,
either in a free-jet or direct-connect test configuration using the ETF A&B Plant exhaust compressors.
Ejector-diffusers can be used to simulate higher altitudes in the test asset.

Exhausts first pass through spray cooler/scrubber units to cool the gases and remove some of the compo-
nents upon discharge from the test unit. The exhaust is then discharged to atmosphere or is pumped
through the ETF A-Plant exhaust compressor system and then to atmosphere or into the B-Plant exhaust
compressor system for discharge to the atmosphere. The gases pass through another spray cooler/scrubber
upon discharge from the A-Plant exhaust compressors before final discharge to the atmosphere. Cooling
water from the J-1 spray cooler/scrubber and the A-Plant exhaust spray coolers/scrubber flows to the A-
Plant barometric well while the cooling water from the B-Plant exhaust spray coolers/scrubbers flows to
the B-Plant barometric wells. The water from both barometric well systems is skimmed to separate any
petroleum components removed from the exhaust, tested, and then pumped to the cooling water return sys-
tem. Exhausting of gases can be augmented by the PWT PES.

2.3.6.1.2 Test Asset J-2

Test Asset J-2 is used primarily for direct connect performance and stability testing of large air-breathing-
type propulsion systems. In addition J-2 has the basic capabilities for free-jet testing of inlets, engines, and
other aerodynamic shapes. Simulated pressure altitudes up to 75,000 ft can be provided in the test by the
ETF A & B Plant exhaust compressors. Higher simulated altitudes maybe attained in the test asset by the
use of ejector-diffusers. The process air, exhausting of gases, and cooling water for J-2 are the same as
described for J-1.

2.3.6.1.3 Test Asset T-3

Test Asset T-3 is a high-temperature, high-pressure, small air-breathing propulsion test asset simulating
altitudes up to 100,000 ft. Test articles up to 16 in. in diameter and 6 ft in length can be mounted to the
thrust stand installed in the test asset. The test asset is equipped with a 250-gallon batch fuel system for
use with hydrocarbon fuels. An additional 1000-gallon make-up tank is also available to supplement the
250-gallon tank. The fuel can be conditioned from -65°F to 200°F. The test asset contains pressure, tem-
perature, flow, strain, and vibration instrumentation consistent with turbojet engine testing. Inlet air is
available from the ETF-C Plant and for higher temperature/pressure requirements, the airflow to the asset
can be augmented by the VKF Plant. The evacuation of exhaust gases and cooling water return are the
same as described for T-4.
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2.3.6.1.4 Test Asset T-4

Direct-connect tests of air-breathing propulsion systems can be performed in Test Asset T-4 at simulated
altitudes up to 75,000 ft. The process air supplied to the T-4 test asset is the same as that for the J-1 test
asset. The exhaust gases from the “T” test assets are pumped through the B-Plant exhaust compressor sys-
tem for discharge to the atmosphere. The exhaust gases first pass through a spray cooler/scrubber unit to
cool the gases and remove some of the components of the exhaust gas upon discharge from the test unit.
The gases pass through another spray cooler/scrubber upon discharge from the B-Plant exhaust compres-
sors before final discharge to the atmosphere. Exhaust gases can also be exhausted through the PWT PES.
Cooling water from the B-Plant exhaust spray coolers/scrubbers flows to the B-Plant barometric wells and
is then pumped to the cooling water return system.

2.3.6.1.5 Test Asset T-11

Test Asset T-11 was designed for small air-breathing propulsion system tests at altitudes from sea level to
50,000 ft. The asset can be used for small turbojet, turbofan engines up to 2 ft in diameter. Capabilities
include development test, air start, cold starts, mission simulation, and performance verification tests.
Smoke/emissions data can be collected during testing. Systems are available for test article and fuel sys-
tem temperature conditioning (-65°F to 176°F), simulated air-launched starts, inlet total-pressure distor-
tion, power extraction, and computer-controlled mission simulation tests. The systems for air supply,
evacuation of exhaust gases, and cooling water return are the same as described for T-1.

2.3.6.1.6 Sea Level Test Asset SL-1

Test Asset SL-1 provides turbine engine testing for sea level inlet and exhaust. Testing can include post-
overhaul engine testing and endurance, emissions, and performance/development testing. It is a stand-
alone, Air Force A/F32TR-9 Noise Suppression System (“Hush House”) that has no connections to the air-
side or exhaust plant; ambient air is taken into the inlet. Test fuels are supplied by tank or truck. Exhaust
from the combustion of jet fuel is mixed with bypass process ram-air and vented directly to the atmosphere
through a vertical stack in accordance with the Title V air quality control permit conditions.

The residual noise environment while operating these engines is no higher than 77 dB at 100 m from any
point on the suppressor when measured at 4 ft above ground level. Engine controls are contained in a road-
able control cab sited adjacent to an engine-viewing asset window. Available operating instrumentation
(approximately 40 channels) has monitoring capability (only) in the control cab.

2.3.6.1.7 Sea Level Test Assets SL-2 and SL-3

Trenton Sea Level Test Assets SL-2 and SL-3 provide engine endurance testing (accelerated mission test-
ing) and corrosion testing of turbofan/turbojet engines. These test assets provide either ambient/heated
atmospheric inlet air or process inlet air. They share a steam heater and are interconnected with the ETF-C
Plant to provide pressurized inlet conditions as required. SL-2 and SL-3 provide only atmospheric exhaust
conditions in which the exhaust from combustion of jet fuel is mixed with bypass process ram-air and
vented directly to the atmosphere through a vertical stack in accordance with the Title V air quality control
permit conditions. The exhaust silencer is air-cooled and can accommodate both fixed and vectoring
engine exhaust nozzles. Exhaust spray water for acoustic dampening is available
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2.3.6.1.8 Test Assets C-1 and C-2

Propulsion Development Test Assets C-1 and C-2 provide developmental, certification, and qualification
testing of large air-breathing engines. Both assets can be equipped with an exhaust gas management sys-
tem providing exhaust collection for two-dimensional vectoring exhaust nozzles through movable, water-
cooled doors and side vanes. Two hydrocarbon fuel systems can supply up to 550 gpm of fuel conditioned
between ambient temperature and 300°F to either test asset. Test article and equipment access is provided
by 36-ft-long sliding hatches. The test assets are monitored for up to 2,000 measurements, including tem-
perature, pressure, fuel flow, thrust, and vibration.

Properly conditioned air is delivered to the test assets from the ETF-C Plant air compressors through an
array of dryers, coolers, and heaters to produce the desired temperatures, pressures, velocities, and flow
rates simulating flight conditions. Test Asset C-1 was designed for performance and operability testing of
large augmented turbojet engines, although free-jet testing can be accommodated. The asset has a
22-ft-diameter inlet plenum. Exhaust from the C-1 test asset is processed through a spray cooler to reduce
the gas temperature and is then vented either through a vertical atmospheric exhaust stack and silencer or
through first-stage, second-stage, and/or third-stage exhauster systems and spray coolers for discharge
through a vertical stack and silencer. Use of the multiple exhausters depends on the required test condi-
tions. Each exhauster stage consists of multiple compressors and a cooler.

Test Asset C-2 was designed for performance testing of large turbofan engines. The 30 ft. diameter asset
inlet plenum is offset below the asset center to accommodate the installation and actuation of free-jet noz-
zles for aerodynamic testing. Airflow is provided by the ETF-C Plant air supply compressors and can be
augmented by supplementing the compressor air with atmospheric in-bleed air (for subatmospheric inlet
pressures). Test Asset C-2 also has free-jet test capability. An icing system that utilizes up to 199 atomiz-
ing spray nozzles in a 125-in. inlet spool is available for installation inside the test asset in the engine inlet
system. Icing clouds can be provided over a wide range of liquid water content and droplet sizes with uni-
form distribution across the flow plane of interest. The exhaust system is the same as that described for the
C-1 test asset.

2.3.7 Space Propulsion Test Assets

The rocket development test assets fire liquid and solid propellant rocket engines at simulated altitudes,
which are created by pump-down of the test assets to near vacuum conditions. Solid or liquid oxidizers are
provided for rocket ignition. The exhaust gases are cooled with spray water, which also scrubs out the con-
densable fraction of the exhaust gases. The remainder of the exhaust gases is re-pressurized using com-
pressors and discharged to the atmosphere.

2.3.7.1 Test Asset J-6

Test Asset J-6 is a horizontally arranged test asset designed for static testing of large solid propellant rocket
motors with up to 500,000-1b thrust at simulated pressure altitudes of 100,000 ft. A multi-component
thrust measuring system provides precision ballistic data capability. J-6 measures 26 ft in diameter by 62 ft
in length. Test Asset J-6 is a remotely located facility for the testing of detonable solid-propellant rocket
motors with up to 80,000 Ib of propellant without introducing risk to other AEDC facilities. Its location
minimizes the overpressure risk to other AEDC facilities, and a concrete blast wall provides protection
from potential debris. J-6 can support long-duration altitude performance tests of solid propellant rocket
motors and can be used to test many different types of motors with either large quantities or advanced
mixes of propellants. Figure 2-7 shows the conceptual flow for J-6 operation.
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The temperature-conditioning system using gaseous nitrogen can maintain the test asset air temperature at
a prescribed temperature within the range of 15°F to110°F from motor installation until prefire pumpdown
to altitude conditions. Dry gaseous nitrogen is available outside of the facility from 792,000-scf of storage
capacity at 4,750 psi. Initial pumpdown and post-test evacuation is provided by the ETF exhaust system.
Pressure altitudes at less than 0.1 psia are achievable through special pumping equipment available, and
can be maintained over long periods. An annular steam ejector with flow rates up to 3,000 Ib/sec and a

water-cooled diffuser system are used in conjunction with the 4.5 million-ft® storage volume of the dehu-
midification cooler (250-ft-diameter by100-ft-high concrete vacuum chamber) to provide pre- and post-
test altitude simulation and to minimize recirculation during motor tail off. High-pressure steam supplied
by Steam Plant C is stored in high-pressure steam accumulators adjacent to the facility. The J-6 main

steam ejector is supplied by steam from six 750 psi high pressure accumulators of 10,300 ft3 volume each.

Exhaust gas cooling/scrubbing is provided by 70,000-gpm water spray cooling in the saturation cooler and
up to l-million-gpm water (five-level) spray cooling in the dehumidification cooler. Discharge of the
rocket exhaust gases from J-6 is conditioned under the Title V air emission permit.

Three rocket diffusers are available for positioning at the discharge end of the test asset to provide altitude
simulation during the rocket firing. These interchangeable rocket diffusers encompass a thrust range up to
500,000 Ibf with a cooling water flow rate ranging from 28,000 to 40,000 gpm. The test asset is equipped
with hydraulic and pneumatic services. Cooling water from J-6 is discharged through a cooling water
return ditch directly to the retention reservoir.

2.3.7.2 Aerodynamic and Propulsion Test Unit (APTU)

The APTU is a blowdown-type facility designed primarily for high speed air breathing (ramjet) propulsion
system testing. The facility's capabilities also support true temperature aerodynamic and high-temperature
materials tests. APTU is operated at Mach numbers from 2.2 to 8.0 at simulated altitudes ranging from
5,000 to 120,000 ft. Figure 2-8 shows the conceptual flow for APTU operation.

Propulsion testing is the primary purpose of APTU, and the facility is capable of testing both liquid- and
solid-fueled ramjets and scramjets. A broad capability of pressure (static and dynamic), temperature, and
thrust stand measurements allows very detailed measurements. The facility is also suited for aerothermo-
dynamic tests since true temperatures at altitude can be simulated over a range of Mach numbers. The
facility can also be used for material evaluation tests, supplementing the VKF Aerothermal Tunnel C capa-
bility.

APTU consists of a combustion air heater (CAH) with a mixing vessel, a 7-ft diameter stilling chamber,
and a test asset 16 ft in diameter and 45 ft long. The airstream is discharged directly to atmosphere through
a 4- or 5-ft-diam, 42-ft-long, segmented exhaust connector followed by a 6-ft-diam, 40-ft-long diffuser and
spray cooler.

2.4 Plant Assets
The Plant Assets at AEDC include: ETF — Basic Plant, ETF-Addition, PWT (including PES), VKF,

ASTF(ETF — C Plant), Chambers, Helium Storage Facility, and the Nitrogen storage, conversion, and dis-
tribution systems.
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Figure 2-7. J-6 Conceptual Flow Diagram
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Figure 2-8. APTU Conceptual Flow Diagram
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The ETF-A/B/C Plants are interconnected and support all of the altitude test assets and six research assets
to achieve desired test conditions. While the “J” test assets are located within the ETF-A Plant region and
the “T” test assets are located within the ETF-B Plant region, the ETF-A/B/C Plants are interconnected to
support operations at all ETF-A and ETF-B facilities. The ETF-A/B Plants are also connected to the PWT
and VKF. The VKF is used to provide high-pressure air and the PWT PES is used to augment the exhaust
gas pumping in the ETF-A/B Plants. The ETF-B Plant is also used to provide conditioned air to the PWT.
The ETF-C Plant supports the C-1 and C-2 test assets as well as providing ram air for the Large Engine
Testing Facility, which houses the SL-2 and SL-3 test assets. Figures 2-9 show the conceptual flow con-
cept for AEDC plant assets.

2.41 ETF A/B Plants

The ETF-B Plant air supply system consists of four centrifugal-flow air supply compressors and six cen-
trifugal-flow exhaust compressors totaling 52,000 horsepower. Refrigeration is used to condition the air
supplied to the various test assets. The ETF-B Plant has a total of 2,670 tons of continuous mechanical
refrigeration. The ETF-A Plant air supply system has been decommissioned and the refrigerant has been
removed.

There are two separate exhaust systems within the ETF-A/B Plant complex. The ETF-B Plant system con-
sists of six centrifugal-flow exhaust compressors, and ETF-A has two axial-flow exhaust compressors.
The two systems are interconnected to provide operating flexibility. Exhaust capacity for the “J” assets is
provided by the ETF-A exhaust system or by the ETF-A and ETF-B systems in series. Exhaust capacity
for the T-Assets is provided by the ETF-B exhaust system. Interconnecting ducts to the PWT PES exhaust
compressors allows augmentation of exhaust capability for ETF-A and ETF-B test assets.

Each of the propulsion test assets is equipped with an exhaust cooler, which is supplied water by the AEDC
raw cooling water system. The water flow rates typically required coupled with scheduling of testing of
other water-consuming operations at AEDC allow extensive testing durations for these assets. Potable
water may also be used for lesser flow rates such as for electronic equipment or instrumentation cooling.

Test Assets T-1, T-2, T-3, T-4, T-5, J-1, and J-2 and the research assets are equipped with hydrocarbon (jet
fuel) service from a central fuel tank supply. All power supply for operation of the equipment is supplied
through the ETF electrical distribution and substation. Figure 2-10 shows the conceptual flow for the ETF
A/B plants.

2.4.2 Aeropropulsion System Test Facility (ASTF) — (ETF-C)

The ETF C plant air supply system is comprised of six axial-flow air supply compressors. The compres-
sors are arranged in stages such that four first stage and two second stage powered by four 27,500 hp and
two 52,500 hp synchronous motors can deliver 2750 lbm/sec at the design point. The ETF-C exhaust sys-
tem is comprised of 12 identical axial-flow exhaust compressors. Each exhauster is rated at 1,000,000
cfm. The exhaust compressors are arranged in stages such that there are eight first stage axial flow com-
pressors, three second stage axial flow compressors, and one third stage axial flow compressor. These
compressors are powered by eight 27,500 hp synchronous motors and four 44,000 hp synchronous motors.
The compressor drive synchronous motors are sequentially started by two variable frequency starting sys-
tems, enabling the plant to be brought on line quicker than using induction starting motors. In addition, the
process air supply ducting is fabricated of stainless steel or stainless cladding to minimize contaminants.
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Figure 2-10. ETF Propulsion Development Testing Cells
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Refrigeration is used to condition the process air supply. Two process air coolers provide 15,400 tons of
refrigeration. A third cooler, designed for conditioning atmospheric (inbleed) air to Test Asset C-2, has
7,000 tons of refrigeration.

2.4.3 Propulsion Wind Tunnel (PWT)

The PWT drive system with a maximum total capacity of 328,000 hp is used to drive the compressors for
both Tunnels 16T and 16S. It consists of four synchronous motors. Disconnect couplings permit the four
motors to be operated with either the Tunnel 16T compressor or the Tunnel 16S compressor.

The Tunnel 16T compressor, which normally operates at a constant speed of 600 rpm, is a three-stage,
axial-flow machine having a 30-ft tip diameter and a hub-to-tip ratio of 0.6. The inlet guide vanes and the
three interstage stator rows of the compressor are remotely controllable through an angle range that satis-
fies the range of volume flow requirements. Subsynchronous, variable-speed operation is possible using
the 60,000 hp synchronous motors. Operating the compressor in this manner extends the tunnel operating
range to low subsonic Mach numbers.

The main compressor of Tunnel 16S consists of four axial-flow compressors (barrels) which are oriented
so that any number from one to four barrels may be operated in series. The number of barrels operating in
series is controlled by a system of iris valves and disconnect couplings located between each barrel. The
compressor operates at a constant speed of 600 rpm with volume flow and pressure ratio adjustment pro-
vided by the remotely controlled inlet guide vanes and stator blades of the first, second, and third barrels.
The first three barrels are four-stage, axial-flow compressors, and the fourth, a six-stage compressor

The PWT Plenum Evacuation System (PES) is composed of two identical groupings or increments of com-
pressors, drive equipment, and associated ducts and valves. Each increment has five Allis-Chalmers VA-
1409 compressors, which are nine stage-axial-flow machines, and one Allis-Chalmers VA-1107, which is a
seven-stage axial-flow machine. The arrangement of the ducts and valves of each increment permits the
compressors to be operated in one-, two-, or three-stage compressor configurations.

The VA-1409 compressors are each rated at 4,620 cfs (measured at 100°F) at a design pressure ratio of 3.3,
and the third-stage VA-1107 compressors have a design point of 1,250 cfs (100°F) at a pressure ratio of
2.0. The compressors operate at a constant speed of 3,600 rpm. All compressors have inlet guide vanes
that are remotely controllable through an angle range of 15 deg from design conditions.

The compressors are driven in groups of two by a common drive system; resulting in a total of three drive
groups for each increment. Two groups consist of two VA-1409 compressors driven in tandem by a
28,500-hp synchronous motor, and one group of one VA-1409 and one VA-1107 is driven in tandem by a
14,000-hp synchronous motor. The synchronous motors are powered from a Variable Frequency Power
System (VFPS). The total drive power of each increment is 71,000 hp at 100-percent rated load; however,
a continuous service factor of 15 percent provides an available power of 80,650 hp. Figure 2-11 shows the
conceptual flow for the PWT plant.

2.4.4 Von Karman Facility (VKF)

The VKF main compressor system is comprised of six axial and seven centrifugal compressors arranged in
nine stages. These machines are arranged into five groups, each of which is powered by a 16,000-hp syn-
chronous motor and a 2,500-hp wound-rotor motor for a total installed horsepower of 92,500. The first
stage is rated at 600,000 cfm inlet with a minimum inlet pressure of 0.25 psia.
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Figure 2-11. PWT Conceptual Flow Diagram
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The compressors are interconnected by a duct and piping system which includes intercoolers and valves
whereby one to five stages are used to deliver air to Tunnel A for operation between Mach numbers 1.5 and
5.5. Five stages are used to deliver air to Tunnel B for operation at Mach 6, seven stages for Tunnel B
Mach 8 operation, and 7 or 8 stages are used to deliver air to Tunnel C for operation at Mach 8 or 10.
Either seven or nine stages are used for Aerothermal Tunnel C at Mach 4, depending on the required tem-
perature and pressure.

The VKF high pressure addition provides the capability for air to be stored in a 29,770-ft3 storage system
at pressures up to 3,800 psia. This system is composed of the 7,550-ft3 VKF storage reservoir and the
22,200-ft3 APTU storage facility. The maximum capacity of the combined storage system is approxi-
mately 542,000 Ib of air.

An auxiliary compressor system is capable of charging the storage system at the rate of 6.0 Ib/sec. In addi-
tion to the main compressor system, a two-compressor system comprising the tenth and eleventh stages of
the main plant can be used to charge the storage reservoirs at the rate of 84 Ib/sec at 3,800 psi. The two-
compressor system is powered with a 7,000-hp induction motor. Figure 2-12 shows the conceptual flow
for VKF plant.

2.4.5 Chamber Plant

The helium refrigeration system is made up of a 3-kw refrigerator and a 0.5- kw and 1-kw helium liquefac-
tion system. The refrigerators and liquefaction systems are integrated to provide operating flexibility. The
3-kw refrigerator can supply the chambers or the helium liquefiers with gaseous helium at 10 K. The 0.5-
kw gaseous helium refrigerator primarily supports the Research Lab chambers that include the Focal Plane
Characterization Chamber, several research chambers, and contamination chambers. This unit has a more
rapid startup time than the larger refrigerators, thus providing extremely flexible operation of the smaller
chambers. The 0.5-kw refrigerator can produce 35 liters/hr of liquid helium. The 1-kw refrigerator is ded-
icated to the production of liquid helium at 80 liters/hr. All of the test chambers and helium refrigerators
are connected to the closed-loop, high-pressure helium distribution system.

2.4.6 Central Nitrogen Storage and Distribution System

The Central Nitrogen Storage Facility consists of five liquid nitrogen dewars. Liquid nitrogen can be used
for testing and also piped to one or both gas to liquid conversion facilities. Gaseous nitrogen is stored in 23
high pressure storage vessels (5,000 psi) and provides a capacity of 5,280.7 cubic feet. There is approxi-
mately 13,750 feet of piping associated with this system.

2.4.7 Central Helium Storage Facility
The Central Helium Storage Facility consists of twelve high pressure storage vessels (5,000 psi) and pro-

vides a capacity of 2,560.4 cubic feet. There is approximately 1,000 feet of piping associated with this sys-
tem.
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Figure 2-12. VKF Wind Tunnels Conceptual Flow Diagram
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2.5 Description of the Alternatives

The section describes the Proposed Action and the No Action alternative. The criteria for alternative eval-
uation and comparison for this EA are provided below.

1. Provide the USAF sufficient testing capability to ensure continuing air and spacecraft technological
superiority. Testing facilities must be able to accommodate full-size rocket and air-breathing engines
and appropriately sized models, and duplicate conditions from sea level to the uppermost atmosphere
and near space.

2. Provide adequate control for classified and other confidential information that might compromise the
security of the United States if it became available to potentially hostile foreign nations or terrorists.

3. Avoid major and substantial environmental impacts.
4. Represent reasonable economical viability.

Baseline conditions common to the No Action and Proposed Action alternatives include infrastructure and
support facilities, safety, health and environmental management systems, and testing operations, described
in this EA. The Proposed Action and the No Action alternative are differentiated by the level of testing
that would take place in the future. The primary distinction between these two alternatives is that the Pro-
posed Action allows much greater flexibility for AEDC to meet future testing needs.

2.5.1 No Action Alternative

Under the No Action alternative, current testing operations would continue but there would no significant
increase in test frequency or facility operations. Testing of newly acquired systems could be conducted,
but only those accommodated by existing facilities; only routine maintenance and repairs would be con-
ducted to support continued operations. Increased operations to meet the changing needs of AFMC’s mili-
tary and commercial clients would not be conducted under the No Action alternative.

2.5.2 Proposed Action

The Proposed Action for AEDC testing is to expand and enhance capabilities to meet current and future
needs of AFMC’s military and commercial clients. Existing facilities would be operated at the maximum
capacity allowable by the current permit limits. As under the No Action alternative, consolidation of oper-
ations would be used as appropriate to improve infrastructure efficiency.

2.6 Comparison of Alternatives

Comparison of the Proposed Action and No Action alternative is presented in Table 2-3. Potential impacts
to the affected environment are addressed in detail in Section 4, Environmental Consequences.
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Table 2-3. Comparison of Alternatives, AEDC Mission EA

Proposed Action

No Action

Natural Environment

Geomorphology

No significant impact.

No additional impact.

Water

Cooling water usage would increase with increased test
hours. Since the water is used primarily for non-contact
cooling, no impacts to water quality or wetlands are
anticipated. No groundwater usage would be required
and no impacts to groundwater quality expected. No
significant impact.

No additional impact.

Air

Air emissions would increase relative to increased air-
breathing propulsion altitude test asset operation.
There would be a potential impact from release of
unburned hydrocarbons during engine testing, combus-
tion by-products from boilers, heaters, and dryers, and
other miscellaneous sources. However, emissions
would be limited by the conditions established in the
Title V Major Source Operating Permit. No significant
impact.

No additional impact.

Biological
Resources

Impacts to biological resources, including sensitive hab-
itats and rare, threatened, and endangered species, are
not anticipated from activities on the already disturbed
industrial area where limited natural habitat remains.
Increased operations would be consistent with present
conditions, with limited potential for impact to biological
resources on the adjoining lands outside of the indus-
trial area. Current conservation and integrated ecosys-
tem management would continue. No significant
impact.

No additional impact.

Human Environment

Socioeconomics

No impact to socioeconomics is anticipaied because
operations would continue both for the near term and
long term. No significant impact.

No additional impact

Cultural
Resources

No impact to cultural resources is anticipated because
all activities would be limited to the already developed
industrial area and any facility changes would be con-
ducted in accordance with the IBCRMP and coordina-
tion with the SHPO.

No additional impact

Land Use

No change to land use is anticipated as the AEDC mis-
sion would remain consistent with present conditions
and large land buffers would remain. No significant
impact.

No additional impact

Utility
Infrastructure

The utility infrastructure would remain in place with no
significant change in overall system load over the near
or long term. No significant impact.

No additional impact
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Proposed Action No Action

Occupational Adherence to OSHA requirements and AEDC’s compre- . :

Health and . . s No additional impact
hensive safety program would continue. No significant

Safety .
impact.
No changes are anticipated to the use of HAZMAT or

Hazardous

Materials and
Waste

wastes generated for the near term. Ongoing pollution
prevention measures may continue to reduce the use of
HAZMAT and generation of hazardous waste over the
long term. No significant impact.

No additional impact

Transportation

No change to transportation as existing systems could
accommodate any reasonably expected changes in traf-
fic from future operations. No significant impact.

No additional impact

Noise

No change in impacts from noise over the near or long
term. Noise levels in the surrounding communities
would not exceed 65 decibels (dBa) during testing and
elevated noise levels would be intermittent and tempo-
rary. Temporary and intermittent construction and
demolition-related noise would be generated, but levels
would be less than most testing operations. Worker
hearing is protected through adherence to the safety
program. No significant impact.

No additional impact
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3.0 AFFECTED ENVIRONMENT

This section describes environmental baseline conditions at AEDC and the surrounding areas. Although
some of the sections have been excluded from consideration, the information is useful in understanding the
setting in which AEDC operates. For many environmental concerns, the region of influence (ROI) is lim-
ited to the AEDC industrialized complex; therefore, biological and cultural issues will not be affected
beyond the current conditions. However, for some resources such as air and water quality, the ROI can
extend beyond the facility boundaries and these resources will be evaluated in detail to determine environ-
mental impacts.

3.1 Natural Environment

This section describes the affected natural environment, including water, air and biological resources.
3.1.1 Water

Hydrological features include lakes, rivers, streams, springs, floodplains, wetlands, and groundwater. Fig-
ure 3-1 shows the surface water features for Arnold AFB.

3.1.1.1 Surface Water

A southwest-northeast trending surface water divide bisects Arnold AFB and the AEDC industrialized
area. This divide separates the Duck River watershed to the north from the Elk River watershed to the
south. The Duck River basin receives drainage from Hunt, Huckleberry, Wiley, Crumpton, and Bobo
Creeks and the Hickerson Spring Branch. The Elk River basin receives drainage, primarily from Bradley,
Brumalow, and Rowland Creeks. Smaller creeks such as Dry Creek, Hardaway Branch, Saltwell Hollow
Creek, Spring Creek, and Poorhouse Creek also contribute to the Elk River watershed (Call 2003). The
predominant surface water feature at the base is Woods Reservoir, a 3,980 acre lake on the Elk River that
was constructed to support AEDC operations. The reservoir is also used for recreational activities such as
swimming, boating, fishing and camping.

The headwaters of several streams have been extended through ditching into the AEDC complex to receive
discharge water from testing facilities This includes Rowland Creek, which has been extended across the
natural drainage divide into AEDC. The retention reservoir was constructed at the headwaters of a tribu-
tary to Crumpton Creek and drains through engineered gates across the natural divide to the ditched por-
tion of Rowland Creek and subsequently into Woods Reservoir (Robinson and Haugh 2004).

Storm drainage for most of the base is overland flow to natural drainage, creeks, and ponds. Surface
waters in the northern portion of the base within the Duck River basin flow to Duck River and to Nor-
mandy Lake. Waters in the southern portion of the base within the Elk River basin, including most of the
AEDC complex, drain to Woods Reservoir and the Elk River. Stormwater runoff within the AEDC com-
plex area is collected through a network of overland flow, open drainage ditches, and underground storm
mains. Rowland, Bradley and Brumalow Creeks carry stormwater from the south to Woods Reservoir.
Crumpton Creek drains a small area to the north of the main industrial complex and flows into the Duck
River basin.

Floodplains, including those areas that lie within the 100-year floodplain established by the Federal Emer-

gency Management agency (FEMA), have been defined at several locations on Arnold AFB (Figure 3-1).
Portions of the base that lie within the 100-year floodplain include the inlet to Woods Reservoir on the
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south side of the base, Huckleberry and Hunt Creeks on the north side of the base near the city of Man-
chester, and a small area where Bobo Creek exits the base near the city of Tullahoma. The developed por-
tions of base, including the AEDC complex and family housing areas, do not experience flooding
problems.

Through the CWA 303(d) list, the EPA identifies streams and lakes that are water quality limited or are
expected to exceed water quality standards and need additional pollution controls. They are considered
impaired by pollution and not fully meeting designated uses. Once a surface water body has been placed
on the 303(d) list, it is considered a priority for water quality improvement efforts. These efforts include
traditional regulatory approaches such as permit issuance as well as efforts to control pollution sources that
have historically been exempted from regulations such as certain agricultural and forestry activities.

Within the Duck River basin, the Duck River and the Little Duck River have been determined to not fully
meet their designated uses. Both have elevated bacteria levels near the City of Manchester, attributed to
failing sewage collection systems within the city and general urban runoff (CH2MHILL 2005a, TDEC
2002b). The Upper Elk basin has 12 water bodies on the final version of the 2002 Section 303(d) list,
which was issued in January 2004 (USEPA 2004). Woods Reservoir is listed as not supporting its desig-
nated uses because of polychlorinated biphenyl (PCB) impairment of sediments resulting from historical
PCB releases from AEDC into Woods Reservoir. A No Consumption-General Public fishing advisory has
been issued for catfish (CH2MHILL 2005a, TDEC 2002b).

3.1.1.2 Wetlands

Wetlands are areas that are inundated with water or where water is present either at or near the soil surface
for distinguishable periods throughout the year. Wetland flats and depressions are the two primary wet-
land types on Arnold AFB. The U.S. Fish and Wildlife Service (USFWS) completed a wetlands inventory
and mapping project for Armold AFB in 1998 and documented 1,894 acres of wetlands at 220 sites. Two
hundred wetlands on the base totaling about 1,775 acres are classified as either flats or depressions.

Wetlands at Armold AFB result from three major geomorphic features: karst pans, compound sinks, and
intermittent headwater streams (Call 2003). Karst pans typically have depths less than 4.9 ft and level-bot-
tom topography. Compound sinks generally have depths greater than 8.2 ft and complex bottom topogra-
phy dominated by internal drainage systems consisting of coalesced sinkholes and connecting channels.
Wetlands associated with headwater streams display a rapid surface water response to localized precipita-
tion events. These areas remain wet for extended periods due to level topography and poorly drained soils.
Hydrologic monitoring at the base has identified distinct water regimes associated with karst pans and
compound sinks.

Two karst pans, Tupelo Swamp and Goose Pond, have water regimes characterized by narrow ranges of
flooding depth, gradual seasonal rises and recessions, long hydroperiods, persistent soil saturation, and
perched surface water systems. These similarities persist across significantly different hydrologic condi-
tions. Most pans on the base support wet forests of willow oak, sweet gum, black tupelo, or red maple, but
several support unusual natural communities that often include rare or disjunct plants and animals (Call
2003).

Three compound sinks, Sinking Pond, Westall Swamp, and Willow Oak Swamp, share the geomorphic
characteristics of about 9.8 ft of internal relief and plainly visible sinkhole drains. Their water regimes are
characterized by abrupt seasonal rises and recessions, typically 6.6 ft or more during periods as short as 1
to 3 days, and close interactions between surface water and groundwater. These interactions include water
table control of sinkhole drainage and rapid groundwater response under the influence of concentrated
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recharge through the sinkholes. The annual flooding behavior of compound sinks is more sensitive to rain-
fall during the fall and early winter than to total annual rainfall (Call 2003).
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Goose Pond and Sinking Pond have been named as a National Natural Landmarks by the U.S. National
Park Service. Goose Pond is remarkable for the diverse forest communities bordering it, and is also the
site of a large number of rare plant species. Sinking Pond is well known locally for its abrupt seasonal
flooding and drainage. One of the most pristine areas at Arnold AFB, Sinking Pond also is the site of one
of the largest great blue heron rookeries in Tennessee.

Wetland fauna and flora are discussed in Sections 3.1.3.1 and 3.1.3.2.

3.1.1.3 Groundwater

Regional groundwater resources include the Mississippi Carbonate (karst), also known as the Highland
Rim aquifer, which consists of flat-lying carbonate rocks of Mississippian age underlying Highland Rim
physiographic province. The western portion of this province is dissected and hilly to steep, with the east-
ern, northern, and southern portions predominantly undulating. Bedrock formations have a deep chert
regolith of up to 100 ft thick that stores groundwater and releases it to bedrock openings. There are frac-
tures in the bedrock that permit rapid transmission of water. Well yields commonly range from 5 to 50
gpm (TDEC 2002a). Karst areas are characterized by sinkholes, springs, disappearing streams and caves,
and rapid, highly directional groundwater flow in discrete channels. Since water can travel rapidly over
long distances through conduits that lack natural filtering processes of soil and bacteria, karst systems are
easily contaminated.

Groundwater beneath the base is present within the regolith and in the bedrock to a more limited extent.
The main water-bearing unit in the area is within the chert rubble unit at the base of the regolith just above
the bedrock, and the solution-openings in the upper portion of the bedrock (Aycock and Haugh 1999). A
groundwater divide transecting Arnold AFB generally corresponds to the surface water drainage divide.
Locally, vertical fractures in the bedrock may influence groundwater flow patterns. The lower portion of
the Fort Payne bedrock has few fractures and low yields of water (Haugh and Mahoney 1994). The Chat-
tanooga shale is considered to be the base of the fresh groundwater system in the area (Haugh and
Mahoney 1994; Haugh 1996).

3.1.1.4 Water Quality Management

Water discharges from the AEDC complex are controlled through strict compliance with NPDES permits
and other legal requirements. The NPDES permits set conditions for discharge of cooling water, sanitary
wastewater, stormwater runoff, process and non-process wastewater, and other discharged water. Storm-
water is controlled through compliance with NPDES permit requirements as well as other administrative
and engineering controls. Spills that could potentially migrate to outfalls or enter the stormwater runoff
are controlled through requirements of a Spill Prevention and Response Plan.

3.1.1.4.1 NPDES Permit

Water discharged from the AEDC industrialized area is managed in accordance with the requirements of
NPDES Permit No. TN0003751 (Table 3-1, Figure 3-2, Appendix C). Two additional, multi-sector NPDES
permits address the asbestos containing material and construction debris landfills (TNR053036) and the
painting/blasting area (TNR053487).

The NPDES permits are administered by the Tennessee Department of Environment and Conservation
(TDEC) Division of Water Pollution Control, in accordance with the provision of the Tennessee Water
Quality Control Act, Tennessee Code Annotated, Sections 69-3-101 et seq., as implemented through the
Rules of the Tennessee Department of Environment and Conservation, 1200-4-1 through 1200-3-11. The
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NPDES permit provides legally enforceable conditions for waters discharged from the AEDC, including
the elements listed below.

* Limitations to specific processes and locations (outfalls) for effluent discharge;

* Scheduled monitoring to ensure compliance with NPDES permit effluent criteria for specific contam-
inants and water quality parameters, such as trichloroethene, chlorine, solids, oil and grease, fecal
coliform, pH, and dissolved oxygen;

* Prohibition of water discharge with any floating oil or other materials;
* Reporting of all NPDES compliance requirements;
* Disclosure of any discharges of certain toxic substances not otherwise included in the permit; and

* Development and implementation of a Stormwater Pollution Prevention (SWPP) Plan to manage and
control stormwater runoff and a Spill Prevention Control and Countermeasures (SPCC) Plan.

AEDC NPDES Permit No. TN0003751, which has been administratively continued past the May of 2007
expiration date, authorizes discharges to specific outfalls in accordance with permit conditions. Activities
outside of these parameters and any changes or new discharges require coordination with TDEC. AEDC
ensures compliance through an environmental office that is responsible for all monitoring activities at out-
falls and internal monitoring points (IMPs), recordkeeping, and reporting. Additionally, operators at
water-discharging facilities are responsible for ensuring that activities are performed such that water qual-
ity at IMPs and outfalls is not impaired. Table 3-2 summarizes NPDES exceedences for CY 2000-2005,
and Appendix E presents detailed results for the same period.

Auditing of compliance with the NPDES permit and other CWA requirements is performed through sev-
eral mechanisms. The AEDC environmental office performs periodic internal audits of individual water
discharges from specific facilities, IMPs, and outfalls. Additionally, individual water-discharging facilities
perform self-audits. Results from these audits are used to develop corrective actions to mitigate potential
future problems. The USAF also maintains the Environmental Compliance Assessment and Management
Program (ECAMP) system for auditing all environmental compliance functions, including NPDES and
stormwater permit compliance. The ECAMP system provides the USAF information on compliance for
specific outfalls and bases, and is also used to determine USAF-wide compliance issues that may require
programmatic corrective action.

Table 3-1. NPDES Facility Outfalls and Receiving Waters
AEDC NPDES Permit TN0003751

Outfall Discharge Source

001
Sanitary Wastewater from STP
ASTF air stripper

AC&T air stripper

Site 1 Groundwater Treatment Unit
Site 22 Groundwater Treatment Unit
Domestic potable water uses
Photography lab

Metal parts rinse tank effluent
Oil/water separators

Discharges to an un-named tributary to
Rowland Creek
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AEDC NPDES Permit TN0003751

Outfall

Discharge Source

Test cell cleaning

Glycol Reboiler condensate

VKF cooling water

Water treatment plant backwash

Turbine ETF cooling water

Solid & Liquid Rocket ETF & APTU cooling
water

Misc. cleaning operations

ASTF cooling water

G-range cooling water

Site 8 Groundwater treatment unit

Cooling tower blowdown

PWT cooling water

Mark | cooling water

PWT reverse osmosis discharge

Stormwater runoff (320-acre fotal drainage
area)

002/SwW2'

Discharges to an un-named tributary to
Bradley Creek

VKF cooling water

G-Range cooling water

Glycol Reboiler condensate

Oil/water separators

Site 8 Groundwater Treatment Unit

Stormwater runoff (200-acre total drainage
area)

003/SW3'

Discharges to an un-named tributary to
Brumalow Creek

Cooling tower blowdown

PWT cooling water

Mark | cooling water

Oil/water separators

PWT reverse osmosis discharge

Stormwater runoff (220-acre total drainage
area)

004

Discharges to Woods Reservoir

Arnold Village Sewage Treatment Plant

005

Discharges to an un-named tributary to
Brumalow Creek

Steam plant condensate

Groundwater drainage

Steam plant reverse osmosis

Non-contact cooling water
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AEDC NPDES Permit TN0003751

Outfall

Discharge Source

006

Discharges to an un-named tributary to Spring
Creek

Site 6 Groundwater Treatment Unit

007

Discharges to an un-named tributary to Brad-
ley Creek

EAF Office Building HVAC discharge

EAF Office Building groundwater drainage

Non-industrial stormwater

008

Discharges to Woods Reservoir

Non-contact cooling water

Non-industrial stormwater

I Outfalls 002 and 003 are permit compliance locations for process wastewater. SW2 and SW3 are typically
monitored only during storm events when flow exceeds the capacity of the pumpback systems.

ACT — Air Compressor and Test
APTU — Aerodynamic and Propulsion Test Unit
ASTF - Aeropropulsion Systems Test Facility

EAF — Engineering Analysis Facility (otherwise known as the Carroll Building)

ETF — Engine Test Facility

HVAC - heating, ventilation, and air conditioning
PWT - Propulsion Wind Tunnel

STP — sewage treatment plant

VKF - Von Karman Gas Dynamics Facility

Figure 3-2. NPDES Outfalls
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3.1.1.4.2 Stormwater Management

Stormwater is managed and controlled in accordance with the NPDES stormwater permitting process
under the CWA. AEDC complies with permit requirements through development, maintenance, and
implementation of a Stormwater Pollution Prevention (SWPP) Plan that identifies pollutant sources and
provides Best Management Practices (BMPs) to control stormwater runoff. This plan is reviewed annually
and updated as necessary. BMPs for stormwater management controls are designed to prevent or mitigate
pollution from any type of activity. BMPs consist of two general types:

* Generic BMPs that include preventive maintenance, good housekeeping, waste disposal practices,
materials management practices, spill prevention and response measures, erosion prevention,
employee training, recordkeeping, and reporting; and

* Activity-based BMPs that include those measures necessary to protect stormwater quality from spe-
cific industrial operations, such as practices associated with vehicle washracks, vehicle maintenance,
vehicle and equipment paining, loading and unloading materials, ASTs, USTs, outdoor storage, and
hazardous waste management.

Examples of BMPs include the use of stormwater management devices, limiting operation of heavy equip-
ment on disturbed soils during wet weather, stabilizing and revegetating disturbed soils immediately upon
completion of soil disturbance, properly storing and covering materials, training employees in proper oper-
ational and spill response procedures, periodically testing lines carrying potential contaminants, and
designing new systems or system upgrades with fail-safe stormwater controls. The AEDC SWPP Plan
provides a comprehensive description of generic and activity-based BMPs required at AEDC.

Compliance with BMPs is ensured through annual site-specific assessments as part of the facility stormwa-
ter system inspection. These assessments require updating of area-specific stormwater maps, including
definition of stormwater drainage, potential sources of stormwater pollutants, and existing structural con-
trol measures, as well as identification of any additional BMPs. Stormwater management devices (engi-
neering controls) include paving and grading to direct and control stormwater, storm drains, berms,
diversion dikes, flow diversion structures, oil/water separators, siphon dams, sedimentation ponds, silt
fencing, straw bales, secondary containment, and covers. These controls are used both to protect stormwa-
ter from becoming contaminated and to minimize the erosion of soils by stormwater flow. Regular inspec-
tions are performed to ensure proper maintenance and operations of these controls, and inspections of
facilities and equipment are performed to ensure conditions protect stormwater protection.

The SWPP Plan establishes requirements for construction activities that could disturb areas between 1 and
5 acres (Phase II rules) and the requirements for areas greater than 5 acres (Phase I rules). Requirements
include filing a notice of intent with TDEC prior to commencement of the work, preparation of a site-spe-
cific SWPP plan with BMPs for the activity, and filing of a notice of termination to TDEC upon project
completion. The SWPP Plan also requires a Spill Prevention and Response Plan, as spills and leaks are
two of the largest contributors to stormwater pollution. Spill prevention associated with management of
fuels and hazardous waste is addressed in Section 3.2.4.3.

Auditing and corrective action requirements for stormwater management are comparable to those
described in Section 3.1.1.4.1 for NPDES permits. Auditing of stormwater controls also includes review
and examination of engineering controls to determine their effectiveness, particularly during a major storm
event.
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Table 3-2. Summary of NPDES Exceedences CY 2000-2005
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3.1.2 Air

Baseline conditions for air consist of the regional climate conditions and ambient air quality of the region.
AEDC is located in an area with a temperate climate and low atmospheric pollutants.

3.1.2.1 Climate

The regional climate is classified as warm, humid, and continental. The climate is largely responsive to the
movement of low- and high-pressure systems across Tennessee. The low-pressure areas are attended by
warm, moist, tropical Gulf air and by rains over the entire state. In winter, the low-pressure areas are well
developed and are frequently followed by high-pressure areas with polar Canadian air on their front, bring-
ing clear, cold weather. In summer, the low-pressure areas are less active, but tropical maritime air moves
inland and many thunderstorms develop. High-pressure areas produce morning surface inversions, which
occur about 35 percent of the time during the winter and 40 percent of the time during the summer

Prevailing winds for Arnold AFB are from southerly directions during spring and summer and from north-
erly directions in the fall and winter. Winds are from the south 50 to 55 percent of the time and from the
north 35 to 40 percent of the time. The prevailing annual wind direction is south-southeast with an average
annual wind speed of about 8 miles per hour (Figure 3-3).

The average yearly temperature is about 60 degrees Fahrenheit (°F) (15.5 degrees Celsius (°C) with a frost-
free growing season of approximately 190 days (ADEC 2005a). The annual average maximum and mini-
mum daily temperatures are approximately 70°F (21°C) and 47°F (8°C), respectively. Historical extreme
temperatures range from 106°F (41°C) to -14°F (-25°C). Rainfall averages approximately 57 inches (145
cm) per year and is heaviest in late winter and early spring. Precipitation is fairly evenly distributed
throughout the year, with slightly less in fall and slightly more in winter. August is typically the driest
month with an average of 3.4 inches (8.6 cm) of precipitation) and February has the highest average pre-
cipitation at 6.8 inches (17.2 cm) (www.noaa.gov). Table 3-3 summarizes the monthly average tempera-
tures and precipitation.

Table 3-3. Monthly Average Weather Conditions’

Average Average
q . Average Total Average Total
Maximum Minimum
Month Precipitation Snowfall
Temperature Temperature (in/em) (in/em)
in i
(°F/°C) (°F/°C)
January 48.8/9.3 29.3/-1.5 5.51/14.0 2.0/5.0
February 52.6/11.4 31.6/-0.2 5.41/13.7 1.5/3.8
March 61.1/16.2 38.2/3.4 6.29/16.0 0.7/1.8
April 71.0/21.7 47.0/8.3 4.83/12.3 0.0/0.0
May 78.4/25.8 54.9/12.7 4.74/12.0 0.0/0.0
June 85.4/29.7 62.5/16.9 4.26/10.8 0.0/0.0
July 88.2/31.2 66.4/19.1 4.86/12.3 0.0/0.0
August 87.7/30.9 65.1/18.4 3.53/9.0 0.0/0.0
September 82.3/27.9 58.9/14.9 3.80/9.6 0.0/0.0
October 72.5/22.5 46.9/8.3 3.38/8.6 0.0/0.0
November 60.3/15.7 37.9/3.3 4.68/11.9 0.2/0.5
December 51.1/10.6 31.6/-0.2 5.65/14.3 0.9/2.3
ANNUAL 69.9/21.1 47.5/8.6 56.93/144.6 5.4/13.7
1 — Based on weather data for Tullahoma, Tennessee.

in — inches

cm - centimeters

°C — degrees Celsius

°F — degrees Fahrenheit
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3.1.2.2 Air Quality

Air quality for a given area is defined by the concentration of various pollutants in the atmosphere, gener-
ally expressed in units of parts per billion (ppb) or micrograms per cubic meter (ug/m3). Air quality is
determined by the type, amount, and concentration of pollutants emitted into the atmosphere, the size and
topography of the basin, and the prevailing meteorological conditions.

Arnold AFB is located in the Tennessee River Valley - Cumberland Mountains Interstate Air Quality
Control Region, which includes portions of Alabama and Tennessee. The regional air quality is good.
Air pollutants are emitted from mobile and stationary sources including testing operations, aircraft opera-
tions, training operations, general maintenance activities, prescribed burning, wildfires, government and
privately owned vehicles, and off-base commercial and industrial operations.

3.1.2.3 Air Quality Management

Arnold AFB is located in an attainment area for all pollutants, and AEDC is considered a major source of
both criteria and hazardous air pollutants (HAPs). Air emissions from AEDC facilities are controlled
through the AEDC Title V Major Source Air Quality Control Operating permit requirements (Permit No.
546264) under the CAAA program (Appendix E). This permit was issued by the Tennessee Air Pollution
Control Board of TDEC in May 2002. There are currently 26 emission sources addressed by this permit,
all of which are in compliance. Table 3-4 lists the permitted emissions sources, which are shown on Figure
3-4. Table 3-5 summarizes air emissions for CY 2000-2004 and Appendix G provides detailed results for
the same period. Air emissions associated with each testing complex are presented in Section 4.

The AEDC Title V permit is administered by the TDEC Bureau of Environmental Health Services, Divi-
sion of Air Pollution Control, in accordance with the provision of the Tennessee Air Quality Act, Tennes-
see Code Annotated, Sections 68-25-101 et seq., as implemented through the Rules of the TDEC, 1200-3-
1 through 1200-3-36. The air permit provides legally enforceable conditions for the air emissions from the
AEDC, including the elements listed below.

* Limitations to specific facilities and processes;

» Compliance with specific criteria, including non-process equipment standards, requirements to con-
trol asbestos during renovation or demolition activities, and other criteria established for emission of
contaminants from permitted sources such as visible emission requirements and particulate matter,
sulfur dioxide, nitrogen oxides, carbon monoxide, VOC, and hazardous air pollutants (HAP) stan-
dards;

» Compliance with operational limitations, such as maximum heat inputs to boilers, maximum total
annual operating hours for a source, fuel type requirements, fuel content limitations, and fuel quantity
limitations for engine testing;

* Prohibition of specific air quality impairment, such as requirements for reasonable precautions to
prevent particulate matter from becoming airborne (fugitive dust) and prohibition of open burning
except under specified circumstances;

* Monitoring of operations to ensure compliance with permit criteria for certain contaminants and air
quality parameters, such as particulate matter;

* Limitations on construction of a new air contaminant source or the modification of an existing air
contaminant source (requirement for an air quality construction permit);
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Table 3-4. Title V Air Emission Sources
Title V Air Quality Operating Permit # 546264
Emission o Facility
Source Description
Number
No.
#01 Steam Plant A, Boiler #1 — provide steam for Base heat and electricity production 1411
#02 Steam Plant A, Boiler #2 — provide steam for Base heat and electricity production 1411
#03 Steam Plant A, Boiler #3 — provide steam for Base heat and electricity production 1411
# 04 Steam Plant A, Boiler #4 — provide steam for Base heat and electricity production 1411
#05 Steam Plant B, Boiler #5 — used for plant operations 535
# 06 ETF Heaters — provide heated air for testing operations 898
#07 VKEF Heaters, Dryer Reactivation Heaters W15 (3 MMBtu/hr), W16 (6.8 MMBtu/ 676
hr), W17 (3 MMBtu/hr), W18 (4 MMBtu/hr), and Process Heater (175 MMBtu/hr)
used for heating air for testing operations
#08 Two PWT Air Dryers used for testing operations 784
#14 APTU Test Facility, Vitiated Air Heaters, SUE Burner or Gas Generator for Testing 579
Solid and Liquid Rocket Motors as well as Turbine Engines with wet scrubber con-
trol
#17 Liquid Rocket Test Cells with wet scrubber controls. Testing may be conducted in 530, 878,
16-0010-17 Liquid Rocket Test Cell Facility, 16-0010-18 Solid Rocket Test Cell 890
Facility, 16-0010-19 ETF Test Cells, or 16-0010-31 ASTF Test Cells (Facility Num-
bers 522, 530, 878, 880, 890, 912, or 2124)
#18 Solid Rocket Test Cells - Solid Rocket Testing with wet scrubber control. This testing | 878, 530,
may be conducted either in 16-0010-18 Solid Rocket Test Cell Facility, 16-0010-19 522,2124
ETF Test Cells, or 16-0010-31 ASTF Test Cells as well as enclosed chambers, such
as the J6 dehumidification chamber, within the Solid Rocket Test Complex
#19 ETF Test Cells (Including Glycol Reboilers A & B) with wet scrubber and vapor con- | 880, 878
denser control
#28 HB-1 Heaters (1A & 1B) - provide heated air for testing operations 662
#30 ASTF Heaters, four (4) air heaters used for acropropulsion testing 929
#31 ASTF Test Cells And Glycol Reboilers (EG-A & EG-B) with wet scrubber control 912
#35 VKF Auxiliary Heater 676
#40 Chemical Cleaning Facility 448
#42 ARC Heaters (3) 722
#43 Steam Plant C 563
#45 ASTF Air Strippers (2) 922
#46 T-3 Air Heaters 878
#52 PWT Engine Testing with wet scrubber control 745, 785
#53 SL-1 Test Cell 1541
# 54 Westinghouse Combustor Test Rig 878
# 56 SL2/SL3 Test Cells (Large Engine Test Facility) PSD/BACT 538/539
#67 AC&T Facility (Building #878). Air Stripper to remove VOC contaminants. 878

AC&T - Air Compressor and Test

APTU — Aerodynamic and Propulsion Test Unit
ARC — Acrospace Research Center

ASTF - Aeropropulsion Systems Test Facility
BACT — best available control technology

ETF — Engine Test Facility

MMBtu/hr — million British thermal units per hour
PSD — prevention of significant deterioration
PWT - Propulsion Wind Tunnel

VKEF - Von Karman Gas Dynamics Facility

VOC — volatile organic compound

2003/01/09
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Table 3-5. Title V Air Emissions Analysis Summary
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* Notification of other changes to an existing air contaminant source not otherwise requiring a con-
struction permit, such as a change in equipment, change to the emission stack height or diameter, or
change to emission gas exit velocity or temperature;

» Compliance with standards for recycling and emission reductions under 40 CFR 82, Subpart F for
ozone depleting substances;

* Reporting of all permit compliance requirements and exceedance events, including semiannual
reports and certifications and annual emission analyses;

* Recordkeeping of all permit requirements; and

* Disclosure of any discharges of certain toxic substances not otherwise included in the permit.

The AEDC Title V permit was scheduled to expire in May of 2007, but has been administratively contin-
ued by TDEC. The permit authorizes air emissions in accordance with the permit conditions; however,
activities outside of these parameters and any modifications or new sources require coordination with
TDEC.

AEDC ensures compliance with the air permit requirements through an environmental office that is
responsible for recordkeeping and reporting. Additionally, operators of individual sources are responsible
for ensuring that monitoring and compliance activities are maintained. The AEDC environmental office
performs periodic internal audits of individual emission sources and staff at facilities with air emission
sources also perform self-audits. The ECAMP system provides the USAF information on compliance for
individual emission sources and bases and is also used to determine USAF-wide compliance issues that
may require programmatic corrective action.

3.1.3 Biological Resources

Biological resources include the native and introduced terrestrial plants and animals on and around Arnold
AFB. The area is home to a diverse range of biological resources including several sensitive species, hab-
itats, and wetlands. The Air Force has identified a system of ecological associations based on floral, fau-
nal, and geophysical characteristics that are identified in the Integrated Natural Resources Management
Plan (ATA Conservation, December 2006). Data and information on biological resources at the base is
available in numerous documents including the Integrated Natural Resources Management Plan (INRMP)
and previous EAs, and is summarized in this section.

3.1.3.1 Fish and Wildlife

Wildlife species at Arnold AFB are those common to the central southeastern United States. AAFB has a
diversity of habitats ranging from closed canopy forests to open grasslands, which provides for a highly
diverse assemblage of fish and wildlife. To date, 412 species of vertebrates have been identified at the base
including 226 species of birds (includes summer residents, migrants, and wintering species), 61 species of
reptiles and amphibians, 42 species of mammals, and 83 species of fish.

A study conducted in 2000 to document bird use of wetland flats and depressions identified 59 breeding
season birds using wetland areas, including 34 neotopical migrant species. Forty-six bird species were
identified using the wetland flats and depressions in the winter (Roberts et al. 2001). Eighty-six bird spe-
cies have been documented breeding at Arnold AFB (Lamb 1999, 2000, 2001, 2002, 2003, 2004a).

Management of fish and wildlife is discussed in Section 3.1.4.1.
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3.1.3.2 Plant Species

Plant species found at Arnold AFB are those common to the Eastern Highland Rim Ecological Associa-
tion. Oak-hickory forest, cedar glades, and a mosaic of bluestem prairie and oak-hickory forest dominate
this association. The predominant vegetation type is temperate lowland and submontane broad-leaved
cold-deciduous forest. Oaks (Quercus spp.) are the dominant canopy species. Hickories (Carya spp.),
including pignut (C. glabra), mockernut (C. tomentosa), shagbark (C. ovata), and bitternut (C. cordi-
formis), form a common but minor component (CH2M HILL 2004a, McNab and Avers, 1994)

Vegetated portions of AEDC are composed primarily of landscaped plants and grasses with some areas of
mixed hardwoods. An understory is generally absent due to browsing from deer. Numerous wetlands
occur across the base, with prevailing vegetation ranging from grassland to closed-canopy forest. Figure
3-5 shows vegetation types on the base.

Arnold AFB lies in the heart of the Barrens region of the eastern Highland Rim. “Barrens” most often
refers to grasslands similar to Midwestern tallgrass prairie but can also describe openings with scattered
trees that resemble savanna or shrubland. Current vegetation on Arnold AFB is predominantly upland and
swamp oak forest. Of the forested areas approximately 23,500 acres are native hardwoods and about 5,785
acres are planted, non-native pines. Forested areas are most frequently characterized by closed canopies
dominated by various oaks.

A woodland/savanna mosaic was a dominant habitat prior to development of Arnold AFB. Woodland and
savanna components include lightly forested, oak-dominated habitats with a grass- and forb-dominated
understory. The reduction in wildfires in recent decades from modified land use and control measures has
resulted in succession of most woodland and savanna habitats on the base to forested habitats with shrub-
dominated understories. The original forest vegetation on base consisted of an oak-hickory forest type on
the better-drained soils and a mixed bottomland hardwood type on poorly drained soils. High-grade log-
ging practices and burning to create woodland pasture led to development of forest consisting primarily of
blackjack oak, post oak, and scarlet oak on the thinner and drier upland soils with stands of southern red
oak, white oak, water oak, and willow oak found on the wetter areas. Pine is not native to this part of Ten-
nessee but was planted on approximately 5,700 acres of the base between 1950 and 1972. A pine refores-
tation program was initiated in 1983 to re-establish loblolly pine on pine sites that were removed. Recent
infestations of southern pine beetle have resulted in re-evaluation of pine management strategies on Arnold
AFB. In 2003, a decision was made to convert some pine acreage to open Barrens habitat by not replant-
ing after salvage harvest of the dead trees along Wattendorf Highway (Call 2003).

The flora of the region has long been noted for its unusual Coastal Plain disjuncts, which are species that
normally occur only in the Atlantic or Gulf coastal plains. These species are found nowhere else in Ten-
nessee. Over 900 vascular plant species have been recorded on the base (Call 2003). The Nature Conser-
vancy and the Tennessee Division of Natural Heritage classified and mapped the vegetation of Arnold
AFB. Seventeen of the 33 vegetation associations found on Arnold AFB are considered “imperiled” com-
munity types.

The Invasive Pest Plant Management Plan identified 14 priority-invasive pest plant (IPP) species based on
the potential threat to ecological and agricultural systems at Arnold AFB. Most of the priority-IPPs at the
Base are included in the Tennessee Exotic Pest Plant Council’s (TN-EPPC) list of ‘Severe’ and ‘Signifi-
cant’ threat category IPPs (TN-EPPC, 2002). The main pathways of dispersal for these species range from
bird and small mammal dispersal to water dispersal. They may also be transported by off-road vehicle
travel.
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3.1.3.3 Threatened, Endangered, Special Concern Species and Rare Communities

Two federally listed species are currently known to occur on AAFB; the gray bat (Endangered) and bald
cagle (Threatened). Eggert’s sunflower, formerly listed as Threatened, was removed from the list on 19
September 2005. In addition, 19 animals and 63 plants are state listed as threatened, endangered or special
concern species (Appendix H). Observations of threatened and endangered species on Arnold AFB are
shown in Figure 3-6.

A gray bat colony residing on the base AFB at Woods Reservoir Dam is listed as a Priority 2 maternity col-
ony in the USFWS Gray Bat Recovery Plan (USFWS 1982). This is one of very few maternity colonies
that have been identified as using manmade structures for a maternity roost (Lamb, 2003b). In addition to
the gray bat, five ecological systems and two species assemblages of concern on AAFB were identified
during the Site Conservation Planning Process. These conservation targets include amphibians, karst wet-
lands, streams, springs, and associated riparian habitats, closed canopy hardwood forest, woodland/
savanna/shrubland, grassland and, RTE flora.
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